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although a significant amount of material on other species was included.
Volumes III, IV, and V contain much information relevant to e'ectrical
discharges and high intensity, high energy electron and ion beams, but are
oriented toward a third pumping technique: nuclear pumping. Since nuclear
reactions may also become interesting in some form of hybrid laser where the
excitation and ionization produced by the reaction products might be used to
supply electrons for an electrical discharge laser or an initiator for a
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previous documents. Those areas not treated here are considered to have
been adequately dealt with earlier, as far as immediate data needs are
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molecular structural properties and with respect to atomic collisions.
New species and sets of collision partners that have recently assumed
importance are treated here, and other systems that may become important
In the gas laser contex are given attention. A significant amount of new
material is also added to the chapter on surface impact phenomena, partly
because of current interest in hollow-cathode lasers.
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PRE FACE

This volume and the suceeding volume are the seventh and the eighth
in a series that presents data relevant to research and development in
the field of gas lasers. Volumes I and II are entitled, "Compilation
of Data Relevant to Rare Gas-Rare Gas and Rare Gas-Monohalide Excimer
Lasers", December 1977. Volumes III, IV, and V comprise a "Compilation
of Data Relevant to Nuclear-Pumped Lasers", December 1978. Volume VI
provides a "Cumulative Reactant Species Index for Volumes I-V of the
Compilation o-f Data Relevant to Gas Lasers", September 1979. These six
volumes, authored by E.W. McDaniel and other personnel at Georgia Tech,
Georgia State University, the Joint Institute of Laboratory Astrophysics
(JILA), and the Army Missile Command (MICOM), were published as MIRADCOM
Technical Report H-78-1 at Redstone Arsenal, Alabama.

Volumes I and II were prepared in the context of the two most-used
techniques for gas laser pumping: electrical discharges and high
intensity, high energy electron and ion beams. Heavy emphdsis was
placed on the rare gases and halogens (atoms, molecules, and ions),
and on the rare gas-halides, although a significant amount of material
on other species was included. Volumes III, IV, and V contain much
information relevant to electrical discharges and high intensity,
high energy electron and ion beams, but are oriented toward a third
pumping technique: nuclear pumping. Since nuclear reactions may
also become interesting in some form of hybrid laser where the
excitation and ionization produced by the reaction products might
be used to supply electrons for an electrical discharge laser or
an initiator for a pulsed chemical laser, or as an initiator and
sustainer for a continuous wave (CW) chemical laser; data relevant to
these systems was also included.

The present volumek serves to update most of the areas covered in
the previous documents Those areas not treated here are considered
to have been adequately dealt with earlier, as far as immediate data
needs are concerned.luch area inc ude all nuclear processes, and
atomic collisions occurring at high --energies, i.e., above about
100 eV impact energy. However, even in those areas where new data
are not presented here, references are given to past volumes in order
to facilitate access to the previous data. Attention should also be
called to another document that may prove*iseful to those requiring
data--"Bibliography: Sources of Informati'n on Phenomena of Interest
in Gas Laser Research and Development", Technical Report.R17J7=b by
E.W. McDaniel, H.W. Ellis, F.L. Eisele, and M.G. Thackston, January
1977, US Army Missile Command, Redstone Arsenal, Alabama. A second,
updated edition of this bibliography will be published early in 1981.(\~

Another function of the present volume is to expand somewhat the
scope of our data coverage, both with respect to atomic and molecular
structural properties and with respect to atomic collisions (by the
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latter term, we mean two- and three- body collisions between electrons,
ions, atoms, molecules, and photons at impact energies sufficiently
low that nuclear forces are unimportant). New species and sets of
collision partners that have recently assumed importance are treated
here, and other systems that may become impcrtant in the gas laser
context are given attention. A significant amount of new material
is also added to the chapter on surface impact phenomena, partly
because of current interest in hollow-cathode lasers.

In conclusion, we wish to thank C.F. Barnett, former Director of
the Controlled Fusion Atomic Data Center Pt the Oak Ridge National
Laboratory, and E.C. Beaty, Chief of the Information Center at JILA,
for their cooperation and the use of their facilities. In certain
areas, our work would have been immensely more difficult without their
assistance. Chapter D on photon collision processes in gases was put
together with the aid of several scientists. Particularly significant
were the contributions of Dr. Joseph Berkowitz, of Argonne National
Laboratory, whose book Photoabsorption, Photoionization, and Photoelectron
Spectroscopy (Academic Press, New York, 1979) provided us with a wealth
of references and critically evaluated data on atoms and molecules.
We gratefully acknowledge being allowed access to the manuscript prior
to publication, as well as Dr. Berkowitz providing us with a number of
large-size versions of figures from his book. In addition, we acknow-
ledge the contributions of Professor C.E. Brion, of the University of
British Columbia, for providing us with a complete set of reprints,
spanning a decade, of his very extensive work on partial and total
cross sections of atoms and molecules. Also, the expert help of
Professor H.W. Ellis, of Eckerd College, St Petersburg, Florida, on
the transport properties of electrons, ions, and neutrals in gases
is gratefully acknowledged.
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C. ELECTRON-HEAVY PARTICLE COLLISIONS

i,-
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C-1. ELECTRON SCATTERING: ELASTIC, TOTAL, AND MOMENTUM TRANSFER
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Tabular and Graphical Data C-l.i. Semi-empirical (average) cross sections

for elastic scattering of electrons in Ne.

--------.-------- .------------------
Electron Cross Electron Cross

Energy Section Energy Section

eV IU16cm
2  eV 10"1

6
cm2

----------------------- - ------------------------

20 3.444 200 1.398

30 3.170 300 1.120
40 2.999 400 0.9003
50 3.030 500 0.7620

6u 2.912 700 0.6191

70 2.797 1UOU 0.4556

60 2.680 2000 0.2856

90 2.563 3000 0.2095

100 2.447 ------------------------
150 1.735

---..-------------------

Cont. Next Column

4

3.5-

3- xX
X

X

~X
2. 5-~X

01.5
~X

oX

XX

Electron Energy (eV)

Reference: F. J. de Heer, R. H. J. Jansen, W. van der Kaay, J. Phys. B i__2,

979 (1979).
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Tabular and Graphical Data C-1.2. Semi-empirical (average) cross sections

for elastic scattering of electrons in Ar.

Electron Cross Electron Cross
Energy Section Energy Section

eV - 16cm2 eV 10-1cm 2

----------------------- -------------------------

20 20.7b 200 3.201

30 13.95 300 2.407
40 9.510 400 2.116

50 7.743 500 1.886

60 b.799 750 1.493

70 6.147 1000 1.274
80 5.489 2000 0.8037
90 5.010 3000 0.5741
100 4.b61 ------------------------

150 3.794

Cont. Next Column

25-

KJ

20-

"4
E

c0
15-

10to

1 X

X

X
X

5 -XxX
X

X

X X

, I, ,a I _ j , . t . _

Electron Energy (eV)

Reference: F. J. de Heer, R. H. J. Jansen, and W. van der Kaay, J. Phys. B 12,

979 (1979).
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Tabular and Graphical Data C-1.3. Semi-empirical (average) cross sections

for elastic scattering of electrons in Kr.

---- -----------------------------------------------
6lectron Cross Electron Cross

6nergy Section Energy Section

eV IU 
-lbcn

2  eV 1O-b cm
2

---- -------------------------------------------
2) 20.11 300 3.1b4

30 13.74 4uO 2.721

4U 10.56 500 2.373

50 9.090 10U0 1.695

10U 6.1o9 2000 1.126

150 4.91 3000 0.9417

200 3.671 ------------------------
------------------------

Cont. Next Column

25

20 x

aX0'o 15-

X

o-
0 X

Xx

o x
U

5 - K
K

I . I I II 18 . I I B II tilIl

0 00 1000
Electron Energy (eV)

Reference: F. J. de Heer, R. H. J. Jansen, and W. van der Kaay, 
J. Phys. B 12,

979 (1979).
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Tabular and Graphical Data C-1.4. Semi-empirical (average) cross sections

for elastic scattering of electrons in Xe.

--------------------------------.....-------..---.-
Electron Cross Electron Cross
Energy Section Energy Section

eV 0- 1
6
cm2 eV 10-

16
cm

2

20 27.66 400 3.752
30 26.75 500 3.338
60 4.587 700 2.834

100 4.825 1000 2.395
150 4.385 2000 1.649
200 4.724 3000 1.379
300 3.834

Cunt. Next Column

30

X
x

25 -

cIO

U0

U t

O

5 
x x x X X X X

X X

Electron Energy (eV)#

Reference F. J. de Heer, R. H. J. Jansen, and W. van der Kasy, J. Phys. B 12,

Xa

979 (1979).
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Tabular Data C-I. 5. Cross sections for elastic scattering

for electrons incident on Hg.

------------------------------------

Electron Cross
Energy Section

eV lo-16cm
2

300 4.76

400 3.86

500 3.33

------------------------------------

Reference: K. Jost, and B. Ohnemus, Phys. Rev. A 19,

611 (1979).
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Tabular and Graphical Data C-1.6. Semi-empirical total scattering cross sections

for electrons incident on Ne.

--------......-------------------------------------
Electron Cross Electron Cross
Energy Section Energy Section

eV 10Ilcm
2  

eV I0-1
6
cm2

------------------------ ------------------------

2U 3.444 200 2.234

30 3.3o0 300 1.854
40 3.377 40o 1.544

50 3.546 500 1.336
60 3.540 700 1.080
70 3.506 1000 0.8236
80 3.439 2000 0.4979
90 3.360 3000 0.3632

IoU 3.205 ------------------------
150 2.590

------------------------

Cont. Next Column

4

XM,5- Xx

Xx

.-

25

XX

~0 X

I0

1.5- x

x

x

0.5-3
X

1000 10003
Electron Energy (eV)

Reference: F. J. de Heer, R. H. J. Jansen, and W. van der Kaay, J. Phys. B 12,

979 (1979).
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Tabular and Graphical Data C-1.7. Semi-empirical total scattering cross

sections for electrons incident on Ar.

Electron Cross Eluctron Cross
Energy Section Energy Section

eV 10-16cm
2  eV lo-l6cm

2

............................................------

20 21.92 150 6.931
3u 1b.33 200 5.9dl
4U 12.7b 300 4.707
50 11.15 400 3.996
bO 10.25 500 3.503
70 9.700 1o0 2.229
80 9.003 2000 1.350
90 6.536 3000 0.9717
100 8.27b ------------------------

Cont. Next Column

25

X

20

, 15-
o

C0

* 150

Ila- X x
xKK

0

X

o - x

X
xxx

x

Electron Energy (eV)

Reference: F. J. de Meer, Rt. 14. J. Jansen, and W. van der Kaay, J3. Phys. B 12,

979 (1979).
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Tabular and Graphical Data C-1.8. Semi-empirical total scattering cross

sections for electrons incident on Kr.

Electron Cross Electron Cross
Energy Section Energy Section

eV 10-
16
CM

2  eV 10-16cm
2

-- -- --- -- -- -- -- --- -- ---- --.. .. .. .. .. .. . . .. . .. ... .

20 22.00 300 6.096

30 17.42 400 5.234
40 14.92 500 4.497
50 13.64 1000 3.050

100 10.71 2000 1.912
150 8.684 3000 1.517
200 7.298 ------------------------

Cont. Next Column

25

X

20 -

X

0
KX

BX
0

X

5 K x

X

xx

X

100N 1000

Electron Energy (eV)

u9

Reference: F. J. de Heer, R. H. J. Jansen, and W. van der Kasy. J. Phys. B. 12,

979 (1979).
20
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Tabular and Graphical Data C-1.9. Semi-empirical total scattering cross

sections for electrons incident on. Xe.

Electron Cross Electron Cross

Energy Section Energy Section

eV 10-160M2 e% 10-
1 6cm2

20 30.86 400 7.158
30 32.01 500 6.261
60 10.32 700 5.153
100 10.67 1000 4 .167
150 9.944 2000 2.686
200 9.588 3000 2.132
300 7.785 ------------------------

------------------------

Cont. Next Column

40

35-

K

3 0 
-

25 -

r 20
0

U
w

S15
0

X x
XK

5- x
K

K

100 1000
Electron Energy (eV)

Reference: F. J. de Heer, R. H. J. Jansen, and W. van der Kaay, J. Phys. B 12,

979 (1979).

2907

- -... '.- - . ~Q~ S~ .T'.A,.



Tabular and Graphical Data C-l-1. Cross sections for total scattering of

electrons incident on Hg.

Electron Cross Electron Cross Electron Cross
Lnergy Section Errgy Section Energy Section

eV 10 
1
0cM

2  eV IU-Ibcm
2  eV l-lbcm

2

O.1o 15J 4.U 63.6 40 215
J.2u 169 5.U 53.6 50 21.1
U.3U 246 o.U 43.9 bO 19.8
u.4u .!05 7.0 35.6 70 17.9
U.bu 2U1 b.0 30.9 du 17.5
0.bu e4o 9.0 27.9 100 16.5

l.u Z20 u.U 25.2 20U 11.1
0.bU 213 11 24.3 300 d.76
J.)u 197 12 22.2 400 6.75
I.0u 104 15 19.5 50u 5.80
2.v 11j 2u 13.b

J.0 81.1 3U 21.9

Cont. vext Column Cont. Next Column

X x xx KXx

Xa

x
U x

x Xx

. X X XKx.0X
O

XX K
Kx

a I A a d III a a a 1 11 A I I a

to 100

Electron Energy (eV)

Reference K. Jost and B. Ohnemus. Phys. Rev. A 19 611 (1979).
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Tabular and Graphical Data C-I.11 Calculated cross sections for total

scattering of electrons incident on CO2 .

Electron Cross Electron Cross Electron Cross

Energy Section Energy Section Energy Section

eV 10-lo cm2 eV 10
1
6cn

2  eV 101
6
cn

2

U.1ul 12U 3.37 33.6 17.0 14.2
U.127 105 3.42 33.4 18.5 14.1
u.164 91.2 3.47 32.2 21.0 13.9
0.222 76.8 3.60 25.5 23.9 13.7
0.291 o2.7 3.66 25.2 25.5 13.5
u.38u 50.6 3.83 21.5 27.0 13.4
0.505 38. 3.94 18.8 27.8 13.6
0.675 29.0 4.02 16.7 28.3 13.9
0.641 23.3 4.22 14.5 28.7 14.2
I.10 17.6 4.47 12.8 29.3 14.4
1.36 13.8 4.73 11.7 29.9 14.1
1.69 11.1 4.95 11.1 30.6 13.7
1.97 9.70 5.19 10.9 31.4 13.3
2.13 9.17 5.52 10.8 34.2 12.7
2.26 8.97 5.93 10.9 39.2 12.1
2.36 8.d8 6.45 11.2 47.6 11.2
2.51 9.23 7.47 11.8 54.6 I0.6
2.t4 9.83 8.34 12.1 65.7 9.82
2.79 12.1 9.37 12.3 78.2 9.24
2.92 14.9 10.8 12.4 98.1 8.58
3.U5 19.4 11.8 12.3
3.13 24.0 12.3 12.5
3.19 28.3 13.3 12.9
3.24 30.9 14.2 13.3
J.-o 32.3 15.1 13.7
3.31 33.1 16.0 14.0

Cont. Next Column Cont. Next Column

X
X

X

X

e X

r-i, X
X

o X0 X X

X X I XN~" "X XX

o

00

Electron Energy (eV)

Reference: M. G. Lynch, D. Dill, J. Siegel, and J. L. Dehmer, J. Chem. Phys. 71, 4249 (1979).
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Tabular and Graphical Data C-I1.2. Calculated cross sections for total

scattering of electrons incident on OCS.

iElectron Cross Electron Cross Electron Cross
Energy Section Energy Section Energy Section

eV 10-
16
c M2 eV 10-

16
cm

2  
eV 10-1

6
cm2

0.0739 304 0.718 55.4 4.56 31.8
0.108 228 0.743 43.3 5.25 29.9
0.148 174 0.758 36.4 6.00 29.0
0.215 119 0.788 31.3 7.47 29.4
0.259 97.5 0.881 24.2 8.55 30.3
0.321 75.6 0.976 21.7 9.76 31.3
0.388 60.1 1.09 19.9 11.1 31.3
0.482 46.3 1.18 18.7 11.7 30.5
0.537 40.6 1.28 18.1 12.7 30.6
0.569 38.7 1.43 17.8 15.5 28.4
0.605 38.4 1.64 18.9 20.7 25.2
0.640 39.3 1.98 22.7 25.4 23.5
0.674 46.0 2.26 26.3 31.7 21.7
0.691 62.9 2.58 30.3 39.4 19.4
0.701 82.2 2.87 33.4 56.9 16.4
0.701 94.2 3.10 35.6 74.9 14.8
0.702 104 3.33 36.7 87.3 13.9
0.708 81.0 3.61 36.4 96.6 13.3
0.718 66.5 4.01 34.6

Cont. Next Column Cont. Next Column

X

100
X

x 4x x

CX
UX

'X XX

XX

0 ~xx

@

c

I-

!I .1 !10 to o
Electron Energy (eV)

Reference: M. C. Lynch, D. Dill, J. Siegel, and J. L. Dehmer, J. Chem. Phys. 71,

4249 (1979).
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Tabular and Graphical Data C-1.13. Calculated cross sections for total

scattering of electrons incident on CS2.

Electron Cross Electron Cross Electron Cross

Energy Section Energy Section Energy Section

eV 10-1
6
cm2 eV 10-1

6
cm2 eV 10-1

6
cm2

0.170 143 1.24 66.7 6.87 38.2
0.213 112 1.28 59.3 8.04 38.2
0.272 87.1 1.31 52.3 9.59 38.9
0.316 73.7 1.34 48.3 11.7 39.8
0.373 62.8 1.36 43.6 12.7 40.0
0.441 52.4 1.39 39.8 15.2 38.2
0.502 45.5 1.44 36.7 17.3 36.9
0.581 39.4 1.50 33.7 19.3 35.8
0.662 35.5 1.57 32.1 21.8 33.4
0.717 34.0 1.63 31.4 23.5 32.0
0.758 33.4 1.71 31.0 24.6 29.9
0.817 33.5 1.83 31.0 26.2 28.9
0.858 34.0 2.01 32.1 31.5 26.3
0.907 35.0 2.32 33.8 38.6 23.1
0.958 37.7 2.70 34.4 46.3 20.2
1.06 47.7 3.23 34.5 55.7 17.7
1.09 53.9 3.80 34.6 72.4 16.2
1.12 59.8 4.28 34.6 82.8 15.5
1.14 64.0 4.76 35.1 96.6 14.3
1.17 66.3 5.17 36.6
1.19 69.6 5.60 38.1
1.21 69.9 6.05 38.6

Cont. Next Column Cont. Next Column

X

too X

X

X Xxx

X' X X

" X

X X

.0 Wx

0

0 100

I i I 5 j 1. Il t I r * aI a *tI I * i,

Electron Energy (eV)

Reference: M. G. Lynch, D. Dill, J. Siegel, and J. L. Dehmer, J. Chem. Phys. 71,

4249 (1979).
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Tabular and Graphical Data C-1.14. Cross sections for total scattering of

electrons incident on CH4 .

(0 - 2 eV)

Electron Cross Electron Cross
Energy Section Energy Section

eV 10-1
6
cm

2  
eV I0 cm

2

0.036 1.98 0.91 1.49
0.073 1.52 1.1 1.85
0.12 0.651 1.4 2.45
0.16 0.397 1.7 3.16
0.22 0.282 2.0 3.95
0.24 0.318 2.5 5.08
0.33 0.443 2.7 5.77
1.44 0.610 ------.-------..........
u.59 0.842
0.74 1.14

Cont. Next Column

7

6
K

u

.4 5

0K

r0

U

X

2 x

x x

x X

I I'a

Electron Energy (eV)

Reference: E. Barbarito, M. Basta, M. Calicchio, and G. Tessari, J. Chem. Phys. 7i, 54 (1979).
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Tabular and Graphical Data C-1.15. Cross sections for total scattering of

electrons incident on CH4.

(0 - 16 eV)

Electron Cross Electron Cross
Energy Section Energy Section

eV I01 6
em2 eV I0-

16
cm

2

0.081 1.9 5.2 13
0.090 1.1 b.2 16
0.15 0.64 7.1 17
0.29 0.55 7.9 17
0.58 0.92 8.9 17
1.1 1.8 11 16
1.5 2.7 13 15
2.4 4.6 14 14
3.4 b.8 16 13
4 .2 9.5 ------------------------

Cont. Next Column

20

18-
I( x

16-

Xx

44

2 x

4 6 8 1o i 14 16
Electron Energy (eV)

Reference: E. Barbarito, M. Basta, M. Calicchio, G. Tessari, J. Chem. Phys 71, 54 (1979).
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Tabular and Graphical Data C-1.16. Cross sections for total scattering of

electrons incident on SF6.

Electron Cross Electron Cross Electron Cross

Energy Section Energy Section Energy Section

eV 10-16 cm
2  eV 10-

16
cm2 eV 10-1

6
cm2

0.508 36.8 4.31 21.5 12.5 29.8
0.528 36.5 4.67 21.9 12.8 28.6
0.545 36.1 4.93 22.3 13.0 27.3
0.558 35.6 5.18 22.9 13.4 25.8
0.580 34.4 5.46 23.8 13.7 25.2
0.597 33.5 5.77 25.2 14.2 25.0
0.640 32.0 5.99 26.4 14.8 24.9
0.665 30.9 6.12 27.4 15.4 24.9
0.708 29.4 6.39 28.5 16.4 25.1
0.743 28.5 6.59 29.0 17.5 25.3
0.777 27.7 6.76 29.2 18.8 25.7
0.815 26.7 6.86 29.3 21.4 26.4
0.886 25.4 7.10 29.3 23.3 27.0
0.948 24.5 7.32 29.2 25.0 27.6
1.01 23.6 7.66 28.8 26.3 27.8
1.10 22.6 7.96 28.3 28.1 27.9
1.17 22.2 8.26 27.7 30.2 28.0
1.24 22.0 8.58 26.9 33.2 28.0
1.35 21.7 8.91 26.3 37.3 27.9
1.46 21.5 9.27 26.1 42.0 27.9
1.54 21.5 9.49 26.0 47.0 27.7
1.62 21.5 9.78 26.0 53.2 27.6
1.81 21.7 10.1 26.1 56.1 27.4
1.98 22.0 10.4 26.4 59.7 27.1
2.16 22.3 11.0 27.4 63.8 26.5
2.33 22.5 11.2 28.1 67.5 26.0
2.49 22.6 11.5 29.9 71.4 25.6
2.73 22.6 11.6 30.8 77.7 24.9
2.90 22.5 I1.6 31.1 83.7 24.2
3.14 22.3 11.7 31.2 91.4 23.5
3.36 22.1 11.8 31.3 100 22.8
3.70 21.8 12.0 31.2
3.98 21.6 12.2 30.8

Cont. Next Column Cont. Next Column

3 6 -X

( 34- X

32- X

o• 30 xx

N NrX XXXX xx
2 X NX XX

o x
2 4

X %

X X X

XX X

24- x xX

22 K

20 , , , . a a , a a , i , a I I , a, ,
201 0 100

Electron Energy (eV)

Reference: R. E. Kennerly, R. A. Bonham, and M. McMillan, J. Chem. Phys. 70, 2039 (1979).

2914

:m . .... i~r i-I



C-2. EXCITATION BY ELECTRON IMPACT

CONTENTS

C-2.1. Semi-empirical cross sections for electron-impact
exc ita tion o f Ne ....................................................... Z916

C-2.2. Semi-empirical cross sections for electron-impact
exc ita tion o f A r ....................................................... 2917

C-2.3. Semi-empirical cross sections for electron-impact
exc ita t ion o f Kr . ...................................................... 2918

C-2.4. Semi-empirical cross sections for electron-impact
excitat ion o f Xe ....................................................... 919

C-2.5. Cross sections for electron-impact excitation of Hp...................... 2920

C-2.6. Cross sections for electron-impact excitation of Hp atoms

to the 6 3P1  state ..................................................... 2920

C-2.7. Cross sections for electron-impact excitation of He atoms
to high-Rydberg states ................................................. 2921

C-2.8. Cross sections for electron-impact excitation of Ne atoms
to high-Rydberg states ................................................. 2922

C-2.9. Cross sections for electron-impact excitation of Ar atoms
to high-Rydberg states ................................................. 2923

C-2.10. Cross sections for electron-impact excitation of Kr atoms
to high-Rydberg states ................................................. Z924

C-2.11. Cross sections for electron-impact excitation of Xe atoms
to high-Rydberg states .. ............................................... 2925

C-2.12. Cross sections for v = 0 to 1 vibrational excitation in CO
by e lectron impact . ................................................... 2926

C-2.13. Rate coefficients for electron-impact depopulation of excited
states of lie as a function of principal quantum number.................. 2927

C-2.14. Rate coefficients for electron-impact depopulation of He(n=10)
as a function of electron temperature................................... 2928

C-2.15. Calculated cross sections for electron-impact deexcitation of
excimer states of KrF .................................................. 2929

C-2.16. Calculated cross sections for electron-impact deexcitation of
excimer states of KrF . ................................................. 2930

C-2.17. Calculated cross sections for electron-impact deexcitation of
excimer states of XeF .................................................. 2931

C-2.18. Calculated cross sections for electron-impact deexcitation of
cxcimer states of XeF .................................................. 2932

C-2.19. Calculated rate coefficients for electron-impact deexcitation of
excimer states o f KrF .................................................. 2933

C-2.20. Calculated rate coefficients for electron-impact deexcitation of
excimet states of XeF .................................................. 2933

2919



la)ular and Graphical Data C-2. 1 . Semi-empirical cross sections r electron

impact excitation of Ne.

---------------------------------------------------

Electron Cross Electron Cross

nergy Section Energy Section

eV 10-1
6
cm

2  eV I01Ucm
2

30 U.Iu05 400 0.08311
4u 0.1354 500 0.07110
50 0.1594 000 0.00236
U0 0.17u4 700 0.05545

TU 0.1704 bOu U.05049

Ou u.16UO 90.i 0.0461o
90 u.1616 1000 0.()4262
10o 0.1594 "0u0 0.02405

150 o.1407 30u0 0.01796

2o 0.1309 4000 0.01421
300 0.1011 . . . . . . . . . . . .

Cont. :Jext Column

0.2

X X
X

0. IS-X

, XX0g.1 -

XX

o0.06- X

i0

xX

S0.12-

X
0.04- X

0.02 -X X x

m m m 1 , I , ip i , , 1_, Ilii. |

0 100 1000

Electron Energy (eV)

Reference: F. J. de Heer, R. H. J. Jansen, and W. van der Kaay, J. Phys. B 12,

979 (1979).
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Tabular and Graphical Data C-2.2. Semi-empirical cross sections for electron

impact excitation of Ar.

.....................................................

"lectroi C rU.3S Llcctron
rnergy Section :ner: y e .c t i orn

V - 7 u c r 2 0 V -o( .' , '

2U 0 . •) U ' 40. J 24
-) u. 744t )bUGu 4•i:

4U u.7 i3 , o
bu 0j.77ul 7u, .)1

bi U . I ., o u u. jI' o
70 J.7 57 5 jUU
Do U .7 IJI T1 d u. 'j[

1UU o. 7,j 0o U U1 1.u u.6L4u) .4uju u .b 4 t 1

jdu o.' ). ..

Cont. :iext dolomn

1

X X

U

x

ix

r" X

mX

0.4-
oX
~X

X

0.2- XX

XX

X
X

Electron Energy (eV)

Reference: F. J. de Heer, R. H. J. Jansen, and W. van der Kaay, J. Phys. B 12,

979 (1979).
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Tabular and Graphical Data C-2.3. Semi-empirical cross sections for electron

impact excitation of Kr.

Liectron Cross Llectroi, Cros5

n:nergy ocet ion ncrpy 3ection

Q lu -1lcm
2  eV lu-l cm

2

------- ----------- ------------------------
< .o 400 .39
3U U.1)0 5J0 U.330
4U 1..,ju 6O 0.291

lW j.9(7 70u U.2y-

UU u.949 oU0 0.230

7u U.927 UU 0.213

0 U U. U 1000 0.199
So V.og' 20uO 0.112

lOu U.002 JOUO U.0612

150 U.7 90 '4u 0.0030
2u0 u .b22 ------------------------

juu u.479
........................

Cont. i;cxt Column

-- XX X
X xx

XK

X
0 I
0

XX

X

a

X
aX

0X x

Electron Energy (eV)

Reference: F. J. de Heer, R. H. J. Jansen, and W. van der Kaay, J. Phys. B 12,

979 (1979).
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Tabular and Graphical Data C-2.4. Semi-empirical cross sections for electron

impact excitation of Xe.

-----------------------------------------------------

Electron Cross Electron Cross

Energy Section Energy Section

eV Io1
6
cm2 eV 101

6
cm2

20 0.840 400 0.465
30 1.34 500 0.395
40 1.32 600 0.344
50 1.27 700 0.302
60 1.23 800 0.277
70 1.21 900 0.252
80 1.18 1000 0.231
90 1.16 2000 0.132
100 1.13 3000 0.0952
150 0.924 4000 0.0745
200 0.770
300 0.568

Cont. Next Column

1.4
x

1.2 K X

X

E X

'o0,

w 0.6-
~X

0.4- X

'0 ~ K

X

X 
X

0.2-

X

~ I I I I , , I , , , , 111 , ,0 0 100 WOO

Electron Energy (eV)

Reference: F. J. de Heer, R. H. J. Jansen, and W. van der Kaay, J. Phys. B 1_2,

979 (1979).
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Tabular Data C-2.5. Cross sections for electron-

impact excitation of Hg

Electron Cross
Energy Section

eV l0-
16
cm

2

---------- ------------------.
300 1.32
400 1.06
500 .90

----------------------------

Reference: K. Jost and B. Ohnemus, Phys. Rev A 19,

611, (1979).

Tabular Data C-2.6. Cross Section for electron-

impact excitation of Hg atoms to the 6 3P state.

Electron Cross

Energy Section

eV 10
1 6

cm
2

50 .434 + .04

----------------------------

Reference: R. D. Kaul, J. Opt. Soc. Am. 69, 150 (1979).
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Tabular and Graphical Data C-2.7. Cross sections for electron-impact excitation

of He atoms to high-Rydberg states.

e + He , He**

Electron Cross Electron Cross Electron Cross

Energy Section Energy Section Energy Section

eV 10-16cm
2  eV 10-

16
cm

2  eV 10-1
6
cm2

24 0.010 73 0.68 200 0.50
27 0.030 82 0.68 210 0.49
27 0.067 90 0.67 220 0.46
28 0.33 99 0.67 240 0.44
29 0.53 110 0.65 260 0.44
29 0.57 120 0.62 270 0.42
32 0.60 130 0.61 280 0.41
39 0.63 140 0.59 290 0.40
48 0.66 150 0.57 300 0.38
55 0.68 170 0.54

64 0.69 190 0.52

Cont. Next Column Cont. Next Column

e + He * He

X XX xCx x
SX x

x X
X XxXx

o X

0.2

X

X

50 100 1020 0 250 300
Electron Energy (eV)

Reference: J. A. Schiavone, S. M. Tart, and R. S. Freund, Phys. Rev. A 20, 71 (1979).
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Tabular and Graphical Data C-2.8. Cross secilons for electron-impact excitation

of Ne atoms to high-Rydberg states

e + Ne * Ne

Electron Cross Electron Cross

Energy Section Etnergy Section

eV 10 -1beM
2  eV I016cm2

17 0.0031 160 0.49
22 0.020 180 0.45
23 0.058 220 0.41
25 0.32 250 0.37
30 0.50 270 0.35
38 0.61 300 0.33
46 0.66 ------------------------
57 0.67
b8 0.67
84 0.64

100 0.61
120 0.56

------------------------

Cont. Next Column

e + Ne * Ne

kE
X xx

X

C0.4-

0.2-

x
,: x II I 1

50I0@ 150) 200 250 ' *

Electron Energy (eV)

Reference: J. A. Schiavone, S. M. Tarr, and R. S. Freund, Phys. Rev. A 20. 71 (1979).
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Tabular and Graphical Data C-2.9. Cross sections for electron-impact excitation

of Ar atoms to high-Rydberg states.
#*

e + Ar * Ar

---------------------------------------------------
Electron Cross Electron Cross
Energy Section Energy Section

eV 10- 
16
cm

2  
eV i0-16cm2

17 0.077 88 1.6
18 0.68 100 1.5
19 2.9 130 1.3
20 4.0 170 1.1
22 4.6 210 0.92
25 5.0 250 0.78
29 5.2 290 0.70
35 4.8 300 0.69
39 4.0
49 2.6
58 2.1
71 1.9

Cont. Next Column

t

X
5 X e + Ar -Ar

x
X

xx

x

Cx

o4 X X

Xx

Xx

0 5

0X

XX

0 
X

Electron Energy (eV)

Reference: J. A. Schiavone, S. M. Tarr, and R. S. Freund, Phys. Rev A 20, 71 (1979).
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Tabular and Graphical Data C-2.10. Cross sections for electron-impact excitation

of Kr atoms to high-Rydberg states

e + Kr - Kr** I

---------------------------------------------------Electron Cross Electron Cross

Energy Section Energy Section

eV I0-1
6
cm

2  eV I0
16
cm2

16 0.096 120 1.8
17 1.6 150 1.6
17 3.2 170 1.4
18 3.8 190 1.4
19 4.3 220 1.2
25 4.4 260 1.1
32 4.0 280 1.1
40 3.2 300 0.98
54 2.7
b6 2.4
82 2.2

100 2.0

Cont. Next Column

x
X e + Kr * Kr

x
x

X X
E

o
I

c
0

X X

o X

X X

K I I I I
50 100 I.'0 200 250 NO

Electron Energy (eV)

Reference: J. A. Schiavone, S. M. Tarr, and R. S. Freund, Phys. Rev. A 20, 71 (1979).

2924



Tabular and Graphical Data C-2.1i. Cross sectioas for electron-impact excitation

of Xe atoms to high-Rydberg states.

e + Xe - Xe**

Electron Cross Electron Cross

Energy Section Energy Section

eV 10-1
6
cm2 eV 101

6
cm

2

11 0 91 4.9
14 0.46 100 4.7
14 4.5 120 4.4
15 8.0 140 4.1
15 10 160 3.8
18 11 190 3.5
24 9.6 220 3.3
29 7.6 240 3.0
33 b.2 280 2.7
44 5.7 300 2.4
b 1 5.6 ------------------------
78 5.1

Cont. Next Column

12-

M e + Xe Xe

X

x x

0

0
cE X

N

t -

X X
- ,,

0 I 40 10 5 X 5 0

X

Electron Energy (eV)

Reference+ J. A. Schiavone, S. M. Tarr, and R. S. Freund, Phys. Rev. A 20, 71 (1979).
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Tabular and Graphical Data C-2.12. Cross sections for v 
= 

0 1.

vibrational excitation in CO by electron impact.

Integral cross section Momentum-transfer cross section

t lectrcon Cross I o ict rjr Cross

rnergy Section rnerwy Section

eV 1O- 1
9
cm2 V - Me

365 3.b 3 0
5.0 19 5. 8
9. 24. 1 9) ., .

96.7 4
30 20. t'1.)

7.57 5, 7. i
(5 5.42 I j.,,1

IuJ 7.U3 1 6.45

X Integral

+ Momentum Transfer

4.

+

II I I

40 E0 80,

R, feren . - A (Ch it ian and H tanake, I Phv, R I I 1 01 1 414 (i



Tabular and Graphical Data C;-2 1 3 Rate Coefficients

for electron impact depopulat ion of excited states of

He as a functior of principal quantum number.

...........................Qu,'ant um Hate

- -- --- --- --- --- ---

1 4 1 6 1
I ,,

to. '

xN

xK

xz

K

1o 12 14 16 1 2

QILtult up. Nkimlv~ v

1,, :K Dv, I l, ulmut -F Delp(ch. I Phvsiqut' iParis) 40, 215 1 Q)



Tabular and Graphical Data C-2.14. Rate coefficients

for electron-impact depopulation of He(n-10) as a

function of electron temperature.

---------------------------------

Temperature Rate
Coef

0
K 10 4cm 3/sec

394 0.516
500 0.532
596 0.677
714 0.770
906 0.913
1120 1.15
1310 1.19
1590 1.40
1920 1,32
2320 1.38

x x x

U x

E

Io  xC

4 X

0
U

000

Electron Temperature (OK)

Reference: F. Devos, J. Boulmer, and J. -F. Delpech, J. Physique (Paris) 40,

215 (1979).
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Tabular and Graphical Data C-2.15. Calculated cross sections for electron-

impact deexcitation of excimer states of KrF

e + KrF(B) - KrF(X) e + KrF(D) - KrF(X)

Electron Cross Electron Cross
Energy Section Energy Section

eV I0-16cm2 eV 1G- 1 6
cm2

0.12 9.70 0.10 5.11

0.42 6.37 0.18 3.87
1.1 4.37 0.39 2.40
1.9 3.47 1.0 1.59
2.5 3.19 1.7 1.19
5.0 2.76 2.6 1.02
7.5 2.49 5.0 0.865

10.0 2.26 7.6 0.778
13 2.07 10.0 0.696
15 1.86 12 0.614

x

x

x
x x B -x

x
x x

.0 X

U +
4 D -)

U4

0.

045 10 1

Electron ENergy (eV)

Reference; A. 11. Hazi, T.N. Rescigno, and A. E. Orel. Appl. Phys. Lett. 35, 477 (1979).
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Tabular and Graphical Data C-2. 16. Calculated cross sect ion for elect ron-

impact deexci tation of excinier states of Kr!"

u KrF(C) - KrF(A) e + KrF(D) - KrF(A) e I- KrF(B) ~ KrF(A)
--------------------------- --------------------------- ---------------------------

nIetr' l -.r s iectron C "l r 'er'tron rz

L)u - 07 3.5 Ii6 1 u. 10 1 3 u

-t .0 1b A

4 13 3714)l

x

x

+ x
xx C-A

x

B-A 0

le ct r on ECN vr p v (

Reference A VI. i z i "F N . R e c ign o, and A.. 1 0r c I A rpI . c Vt ,

4ii 7 1 l714)



Tabular aod G;raphical Data C-2.17. Calculated cross sections for electron-

impact deexcitntion of excimer states of XeF

e f X 0 1(B) . XeF(X) e + XeF(D) XeF(X)

Electron Cross Electron Cross

Energy Section Energy Section

eV 10-Ibcm2 eV 10- 1
6
cm

2

------------------------ ------------------------

0.000 59 0.00010 16.7

u.11 25., 0.095 10.3

3.33 I1.9 0.28 0.01

0.75 12.2 0.66 4.26

1.4 9.30 1.4 3.10

2.5 7.95 Z.5 2.46

.. o.39 5.0 2.06

7.0 5.37 7.6 1.83

10 4.76 10 1.67

13 4.25 13 1.55

15 3.)2 15 1.46

------------------------- ------------------------

EO

K
F

x

x

x
B-

S 
x

0 
X

o + x

+D -X

++

II

Electron ENergy (eV)

Rference A. U. Ilazi, T. N. Rescj, ino, and A. E Orel. Appl. Phvs. Lett 3 5, 477 (lq7q)

?931



Tabular and Graphical Data C-2.18. Calculated cross sections for electron-

impact deexcitation of excimer states of XeF

e + XeF(C) XeF(A) e + XeF(D) - XeF(A) e + XeF(B) - XeF(A)

Electron Cross Electron Cross Electron Cross

Energy Section Energy Section Energy Section

eV 10-1 6cm2  eV 10-1 6cm2 eV I0-16 cm2

0.033 15.2 0.027 3.14 0.043 2.95
0.17 7.72 0.17 1.72 0.17 1.69
0.49 4.50 0.36 1.25 0.49 1.10
0.92 3.37 0.98 0.823 1.2 0.722
1.6 2.63 1.7 0.652 2.0 0.604
2.5 2.29 2.5 0.590 2.5 0.568
5.0 1.70 5.0 0.492 5.0 0.436
7.6 1.35 7.6 0.421 7.6 0.355

10 1.16 10 0.377 10 0.301
13 1.03 13 0.349 13 0.267
15 0.931 15 0.321 15 0.242

10

x

x

~x
x

x A
ux

+ ,
xx

03

D- A

0
49

B -A

G.L I I
S1015

Electron Energy (eV)

Reference: A. U. Hazi, T. N. Rescigno, and A. E. Orel, Appl. Phys. Lett. 35, 477 (1979).
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Tabular Data C-2.19. Calculated rate coefficients for electron impact

deexcitation of excimer states of KrF in units of 10
9
cm3Isec (taken

from Fig. 4 of the reference).

Electron

Energy (eV) 1 2 4
Transition
------------------------------------------------------------

B - X 27 30 31

D - X 9.0 9.7 10

C - A 3.4 3.7 3.8

D - A 1.6 1.8 1.9

B - A 1.6 1.8 1.9

Tabular Data C-2.20. Calculated rate coefficients for electron-impact

deexcitation of excimer states of XeF in units of 10-
9
cm

3
/sec (taken

from Fig. 5 of the reference).

Electron
Energy (eV) 1 2 4

Transition
-----------------------------------------------..----.-----.

B - X 66 71 74

D - X 21 23 24

C - A 18 19 20

D-A 4.8 5.1 5.5

B - A 4.5 4.9 4.9

Reference: A. U. Hazi, T.N. Rescigno, and A. E. Orel, Appl. Phys. Lett. 35

477 (1979).
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Tabular and Graphical Data C-3.1. Calculate'

cross sections for electron inpact dissociation of F2

(Distorted wave model ith stat'c exchange)

!i'ct rol Uu,3 s
L n u. r,,, y J Le¢t i~l

lb ,J. J-1b

U CrIz

U.doo

X

X

E
,C

~X

X

fl.
X

-2) 30

Electron Energy (eV)

Reference:: A. W. Fliflet, V. McKoy, and T, N. Rescigno, Phys. Rev. A 21i, 788 (1980).
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Tabular and Graphical Data C-3.2. Cross sections for electron-impact

dissociation of HCI to form excited fragments.

e + HCI - H (656.3 nm)

Electron Cross Electron Cross
Energy Section Energy Section

eV lu-ldcmd eV 10-
18
cm

2

20 o.2b5 400 1.57
30 1.51 500 1.27
40 4.62 600 1.07
)o 5.66 700 0.932

60 5.64 800 0.803
70 5.49 900 0.714
60 5.30 1000 0.638
9u 5.07 1200 0.531

100 4.8b 1500 0.432
150 3.96 1700 0.381
200 2.85 2000 U.j2

4

300 2.03

Cont. Next Column

e + HCl H(656.3 nm)

6
' Xx
o x5- x
5°  X X

X

r

34 X X

-- 
X

Xx
X

U_ I Fl 10o00

Electron Energy (eV)

Reference: G. R. Mohlmann and F. J. de Heer, Chem. Phys. 40, 157 (1979)
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Tabular and Graphical Data C-3.3. Cross sections for electron-impact

dissociation of HBr to form excited fragments

e + HBr - H (656.3 nm)

------------------------------------------------------------------------
rlectron Cross Electron Cross

Lnergy Section Energy Section

eV 10-10cm 
2  eV 1l_1dcm

2

--------------------------------------------- ------------------

20 J.110 400 2.32
l0 .e5 500 I.b5

40 ).b2 oSO 1.55
50 7.47 r

o
0 1.33

Uo o.13 60 1.17

7U 6.21 900 1.03
bu 6.02 1000 0.941

90 7.69 1200 u.7bO
1U0 7.14 1500 0.624
153 U .47 1"700 0.545

200 4.37 200a u.4b4

300 3.01

Cont. Next Column

xXX
X e + HBr H(656.3 rim)

XX

5

a

23 x
XX

x

X KX

X X X x

X
Xl

Electron Energy (eV)

Reference: G. R. Mohimann and F. J, de Heer, Chem. Phys. LO, 157 (1979).
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1 1 ' , , , 11 1

4 1

XXx

xX

x

x

F I CL o Kers

Rf e G

EK

X

xx

4 i I I I i _4- _L1I

E'.lect ron Ener',v ( .1)

Reference: C. ,. Mohimnoon and I".1,. de Her, Chum. Phv , 10. 157 1]g 9)
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:abular and G;raphical Dlata C- 3 5 Cross sections for electron-impact

dissociation of H,S to torm excited fragments.

v + HS H1 (650 1 nm)

----------------------------------------------------

-r - 152,
r ~ ~ t I )n "

. . . . . . . . . . .... . .. ... .

X X(

x

e, H,S + H(656 'I rim)

X
X

IX

XK
XK

K --

XK.]K

XK

X

X 
X X X X X

t I I t J I I I I I ill

H-c.ttron Fnvr)!v (vV)

Referen(. ; R Mohlmann and F .1 de Heer. Chum. Phys. 40, 157 (1979).
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, in d t )l Itt - i h cross sect Ion, for electr n -iimpact

dv- s- it Ion I NH ! form excited fra'Tments

, NH, * if b o i m)

4 -3

x X ,c + N5

• I I I I+ I . I'

,x -

X jXx

I - x

x
Kx

z I I _L.L
' ~~ t O000

Electron Energy (eV)

Reference. G. R. Mohlmann and F. J. de Heer, Chem. Phys. 40, 157 (197q).

7941



Tabular and Graphical Data C-3.7. Cross sections for electron-impact

dissociation of CF4 to form excited fragments.

e + CF4 * F (739.8 nm)

------------------------------------.... ----------
rLectron Cross Electron Cross

r-nergy 5ection Energy Section

eV 10
19
cl

2  eV 10-
19
cm

2

----.------ ------------------------

4U 1.23 700 1.85

6u 2.79 doO 1.76

o 3.05 900 1.56

ICU 4.1U lUu 1.23

15u 4.b4 120U 1.15

Uu 4.43 1500 0.943

3j0 3.24 1700 0.779
4UU 2.o3 2u00 0.656
.)uU 2.3b . . . . . .. . . . . .

bOu 2.13

oat. Jest Column

e + CF4 . F (739.8 nm)

X

K

K

E

- x

C X

2X

2

KX

Cx

u K

Electron Energy (eV)

Reference: H. A. van Sprang, H. H. Brongersma, and F. J. de Meer, Chem. Phys.35,

51 (1978).
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T I I r I IIJ t;r iph ic ;I Da t I C - i S r s -c c T i n ,1 f r It '" -r- ir r j I t

dissoc iat ion of CF it to form xci td tr 'r rrf

U CI' i i '" (719 8 rim)

. U,.,

C 'CFH F (79 Q

x

45 x
x

Cx

x

x

x
x

x x

x x
x

- I . I I I I II i , p , , , I I i
I I

100 0 1000

Electron Energy (eV)

Reference H. A. van Sprang, H. H. Brongersma, and F. J. de Heer, Chem. Phys. 35,
51 (1978).
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Tabular and Graphical Data C-3.9.Cross se,'ct ions for l I'M1-'aI

dissociation of CF3H to fors kx( it (I fr.'wr 'n-w

e 4- CF 3 H - 1 (486. 1 nm)

--------- ------------------------------------------
n leer, run;rYI1 Cru4 t' I,. r' nr

5rzergy Uct lorn t r , . ,,,r

------ ------------ --- --------------------41.1 e 1.
7 '  

u l., - ...

4.7

u 
1uu 1.

400 5. u1
-1U 5.0 1 7UU1•1

4 U l 7

U U 2.7
------------------------

Cont. ext C:olumn

x
x e + CF 3H H (486.1 nm)

x

x xE

x

Sxx

I x x

xx
4- -

loci i i I 1 i i I IO 0"01030 1 200

Electron Energy (eV)

Reference: H. A. van Sprang, H. H. Brongersma, and F. J. de Heer, Chem. Phys. 35

51 (1978).
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Tabular and Graphical Data C-3.10. Cross Sections for electron-impact

dissociation of CF3Cl to form excited fragments.

e + CF 3Cl - Cl (837.5 nm)

Electron Cross Electron Cross
tnergy Section Energy Section

eV 10-Icm
2  eV I0-

18cm
2

40 1.3 700 1.1
60 1.6 600 0.97
60 1.9 900 0.91

100 1.9 1000 0.82
150 1.8 1200 0.70

200 1.7 1500 0.55
300 1.5 1700 0.51
400 1.3 2000 0.46
500 1.2
600 1.1

------------------------

Cont. Next Column

23

e + CF3Cl Cl (837.5 nm)2.5-

'-o 2 ~x

1,5 x
+Jx

0

o X

X

C, 15
X

XX

0.5 xCK

too i~oo
Electron Energy (eV)

Reference: H. A, van Sprang, H. H. Brongersma, and F. J. de Heer, Chem. Phys. 35,
51 (1978).
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Tabular and Graphical Data C-3.11. 
Cross sections for electron-impact

dissociation of CF2Cl 2 to form excited fragments.

e + CF2CI2 * Ci (837.5 nm)

Electron Cross Electron Cross

onergy Section Energy Section

eV I -1602 eV Iu-16"2

------- ------------- ------------------------

40 2.1 -IO 1.1

OU 2.0 do0 u.9b
b, Z. 900 u.90

IOU 2.9 IUUU o.7-

I Z.9 120) Q.r4

0O0 2.2 1500 0.52

300 1.6 1700 0.4-

400 1.5 2000 0.41

-)0 0 1 .j ---------- .- .- ----......

nod 1.3

Coot. Next Column

KK X
e + CF2 CI 2 - Cl (837.5 om)

: 
X

x x x

FK

xX

o

m X

X
X

X

0O0

Electron Energy (eV)

Reference: ". A. van Sprang, H. H. Brongersma, 
and F. J. de Heer, Chem. Phys. L5,

51 (1978).
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Tabular and Graphical Data C-3.12. Cross sections for electron-impact

dissociation of CFC1 3 to form excited fragments.

e + CFCl3 + Cl (837,5 nm)

-------------------------------------------
Electron Cross Electron Cross
Energy Section Energy Section

eV I1u -lcM2 eV 10 18cm2
------------------ ------------------------

40 3.1 700 1.5
6u 4.1 00 1.4
bO 4.5 900 1.2

1lU 4.5 1000 1.1
15U 3.9 1200 0.90
200 3.3 1500 0.77
300 2.4 1700 0.63
400 2.3 2000 0.54
500 1.8 --- ..------------- ......

buo 1.7

Cont. Next Column

e + CFCl3  Cl (837.5 nm)

XX
xx

4-

io X

a x

a x

1- xxx

S , , , ' I II ,. I , I I 'l b ...........-..

Electron Energy (eV)

Reference: H. A. van Sprang, H. H. Brongeisma, and . .1. de Her, Chain. Phys. 35,
51 (1978).
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Tabular and Graphical Data C-3.13. Total dissociation cross sections for electrons

incident on C2 D6.

e + C2D6 - product ions

---------------------------------------------
Electron Cross Electron Cross

Energy Section Energy Section

eV lo-
1
bcm

2  eV 10-
16
cm

2

------ ------------- ------------------------

15 1.30 150 7.10

20 3.20 1iO b.90

25 4.00 200 6.70

30 5.60 250 6.40
40 b.40 3)0 b.00

5u 7.00 350 5.60
b0 7.40 400 5.3U

70 7.60 450 4.90

b0 7.65 500 4.60

90 7.bu 550 4.30
100 7.sO O0 4.10

130 7.30

Cont. Next Column

x x e + H2D6  product ions

x
x x

x x
x

(4 5
E x
U

x
x

x

(0

2

x

I I I I II

jflno 200 300 400 500 600 700

Electron Energy (eV)

Tabular Data C-3.14, Ratio of total dissociation cross sections for C2H6 to that of C2D6.

------- --------------------------------------------

Electron Electron
Energy Ratio Energy Ratio

eV eV

50 1.14 300 1.06
100 1.07 400 1.05

150 1.07 500 1.14

200 1.03 600 1.11
.............-------------------------------------------

Reference: H. F. Winters, Chem. Phys. 36, 364 (1979).
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Tabular and Graphical Data C-3.15. Cross sections for electron-impact

dissociation of propylene to form excited fragments.

e + C3H6  H (486.1 nm)

---------------------------------------------------

I. lect rQI I'; i lectron C ro z
r. n c r "i O L ne r y 'e ct io n

ec V 
1
-ljcr 

2

Iv .1.4

.1.

Cont. Next Colun

e + C3H6 * H (486.1 rm)

X

0

.4c -
0

oXM 3

0

29 x

-,0 0 2 00 300 4 00 5QU

Electron Energy (eV)

Reference: J. M. Kurepa and M. D Tasie, Chem. Phys. LS8, 361 (1979).
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Tabular and Graphical Data C-3.16. Cross sections for electron-impact

dissociation of propane to form excited fragments.

e 4 C3H8 , H (486.1 nm)

-------------------------------- ----------
Electron Cross Electron Cross
Energy Section Energy Section

eV 10 19cm
2  

eV 10-
19

cm
2

----------------- -------
50.0 3.5 300 2.6
75.0 4.6 350 2.2
1UO 4.7 400 1.b125 4.6 450 1.7
150 4.o 500 1.6
200 3.6 ------------------------
d5o 3.1

Cont. iWext Column

e +C3H 8 .H (
48

6.1 nm)

6X

- K

Sx

3 4

KX
o

2E

-,4

0 X
X

'to o0 200 300 450 500
Electron Energy (eV)

Reference: J. M. Kurepa and M. D. Tasic. Chem. Phys. 38, 361 (1979).
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Tabular and Graphical Data C-3.17. Cross sections for electron-impact

dissociation of 1-butene to form excited fragments.

e + C4H 8 - H (486.1 nm)

ulectrOn Cross Electron Cross

tncrgy Section Energy Section

e1 
1
0-lcn eV 10"

19
cm2

)u.u 2.u 300 1.2
j . Js JU 1.00

LUU j.3 40J 0.90
1:,34450 0.60

.0.60

cont. N ext Coljmin

e + C4H8 * H (486.1 nm)

5

)C

X 4
0

X

XX0

lUL) 2IJElectron energy (eV) o

Reference: J. M. Kurepa and M. D. Tasic, Chem. Phys. 38, 361 (1979).
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Tabular and Graphical Data C-3.18. Cross sections for electron-impact

dissociation of n-butane to form excited fragments.

e + C4H 1 H (486.1 nm)

Liectron Cross sLi.ctron Cross
inergy 6ection Energy Cection

e V I u" I9cliz eV 10- 19c1.12

Ju .4 500 1.4
35U 1.2

I~U .oSo 1.1
1 5 .Y .OU
IU 2 .4 'UU 0.9u
,UU 1.o ------------------------
50 1.6

Cont. Jext Column

7

e + C4HI0  H (486.1 nm)

5-

0

~ 3-
X

t''C
v

X xoX
2 X

X

I I

,00 200 300 400 50I0

Electron Energy (eV)

Reference: J. M. Kurepa and M. D. Tasic, Chem. Phys. 38, 361 (1979).
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Tabular and Graphical Data C-3.19. Cross sections for electron-

impact dissociation of H2 to form high-Rydberg fragments.

e + H2 - H

Electron Cross
Energy Section

eV 10-
16
cm

2

21 0.0014
51 0.094
74 0.14
99 0.14
150 0.12
200 0.099
250 0.083
300 0.072

e + H2  H

C4. 1'
x x

xx

C)

o

.4
0

u 0.05-

ELectron Energy (eV)

Reference: J. A. Schiavone, S. M. Tarr and R. S. Freund, J. Chem. Phys. 7_0,

4468 (1979).•
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Tabular and Graphical Data C-3.20. Cross sections for electron-

impact dissociation of D2 to form high-Rydberg fragments.

e+D 2-D

---------------------------Electron Cross

Energy Section

eV 10-16em
2

21 0.00046
50 0.083
73 0.12

100 0.13
125 0.12
150 0.10
200 0.083
250 0.066
300 0.059

e + D2  D

=0 X

0x

ox cx
0x

Ux x

a x
0

50100 2 00 250 300
Electron Energy (eV)

Reference: J. A. Schiavone, S. M. Tarr, and R. S. Freund. J. Chem. Phys. 70, 4468 (1979).
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Tabular and Graphical Data C-3.21. Cross sections for electron-

impact dissociation of N2 to form high-Rydberg fragments.

e + N2 * N**

Electron Cross
Energy Section

eV 10-
16cM

2

31 0.012
50 0.26
76 1.2

100 1.6
125 1.6
150 1.5
200 1.3
250 1.1
300 0.96

e+N2 N

1.5

~0
o

,-4

U
.a

0

0.5

o, ,, I I I
50 100 150 200 250 300

Electron Energy (eV)

Reference: J. A. Schiavone, S. M. Tarr, and R. S. Freund, J. Chem. Phys. 70, 4468 (1979).
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Tabular and Graphical Data C-3.22. Cross sections for electron-

impact dissociation of CO to form high-Rydberg fragments.

e + CO - C 0

---------------------------Electron Cross

Energy Section

eV 10 1 6 cm2

30 0.0080
40 0.20

5 1 0.49

77 1.3
100 1.6
12 1) 1 .6
150 1.5
200 1.3
,50 1 .1
300 0.96

e + CO C ,0

x x

0J~ X
c.,

0x

-.. x

o

0x

Ux

0

o

0.5-

,, 1 I II

Electron Energy (eV)

Reference: J. A. Schiavone, S.M. T'arr, and R. S. Freund, 2. Chem. Phys, 70, 4468 (1979).
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Ii , II aI'nd Graphical I [ C-3. 23. Cross sections for electron-

1iTpit dissociation of CO, to form high-Rvdberg fragments.

4 4 CO, - 0

...........................
Flec tron Cross

E e rgy Sect ion

eV 10-
1 6

cm
2

------------------------
,1 0.01b

2.1
luu 5.2

1, 3.6
150 3.6

3UL; 2.6
------------------------

xx

x

x

x

Electron Ener~y (eV)

Reference J,. A. Schiavone, S.M1. Tarr, and R. S. Freund, J. Chem. Phvs. 7n, 4408 (10'Q)

2951



Tabular and Graphical Data C-3.24. Cross sections for electron-

impact dissociation of CH4 to form high-Rydberg fragments.

e + CH 4 * H

---------------------------
Electron Cross
Energy Section

eV 10
16
cm

2

------------------------

28 0.00045
50 0.97
76 1.6

100 1.7
125 1.6
150 ).4
200 1.2
250 0.92
300 0.72

------------------------

e + CH4 * H

x

EK
x

Cx

o

c

ox

(0 5

oK

-- I I I !

50 100 150 200 250 30I0
Electron Energy (eV)

Reference: J. A. Schiavone, S. M. Tarr, and R. S. Freund, J. Chem. Phys. 70, 4468 (1979).
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albul;3r and (raphicnl Data C- 3.25. Cross sections for electron-

impact dissociation of CH4 to form high-Rydberp frap!ments.

e + CH 4  'C

----------------------------------------------------

Electron Cross Electron (:r,:-;
Energy Sect ion Energy .Ooct i on

eV Io- ltm2 eV ) - 1tcm
2

18 0.0018 11U U.36
"2 0.0082 120 u.36
2b 0.021 14u 0.35
35 0.060 1bu 0.33
45 0.11 160 0.29
59 0.20 220 U.26
67 0.27 260 0.23
77 0.32 260 0.22
87 0.34 300 0.20
97 0.36

1UU 0.36

Cont. Next Column

XX X x
X

KK

~X
X

X

Xe + CH 4  C*

X

I0 CO 25 00 2 5 03

Electron Energy (eV)

Reference .J. A. Schiavone, S. M, Tarr, and R. S. Freund, J. Chem. Phys. 70. 4468 (lQ7Q),
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Tabular and Graphical Data C-3.26. Cross section for electron-

impact dissociation of C2H4 to form high=Rydberg fragments.

e 4 C 2H4  - 11

Electron Cross
Energy Section

eV 10-1
6
cm2

28 3.0065
51 1.1
75 2.1

100 2.5
125 2.5
150 2.4
200 2.1
250 1.8
300 1.6

xx
x

0

U

e + C2 H4  H*

b I I I
50 1 150 200 2tO 30T

Electron Energy (eV)

Reference: J. A. Schiavone, S. M. Tarr, and R. S. Freund, J. Chem. Phys. 70, 4468 (1979).
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Tabular and Graphical Data C-3.27. Cross sections for electron-

impact dissociation of C3 H4 to form high-Rydberg fragments.

e + C3 H4 * H

Electron Cross

Energy Section

eV 10-1
6
cM

2

32 0.0050
50 0.85
76 2.5

100 3.0
125 3.0
150 2.8
200 2.3
250 1.8
300 1.5

4

-,x x

x
r
0

-x

x

U
w x

x
e + C3H4 * H

I II I -,

0 5 100 150 200 250 3, ,1
Electron Energy (eV)

Reference; J. A. Schiavone, S. M. Tarr, and R. S. Freund, J. Chem. Phys. 70, 4468 (1979).
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Tabular and Graphical Data C-3.28. Cross sections for electron-

impact dissociation of C2H6 to form high-Rydberg fragments.

e + C 2 H 6 . H

Electron Cross

Energy Section

eV 10-16cm
2

27 0.0035
51 1.I
74 2.4

10U 2.9
125 2.9
150 2.7
200 2.3
250 1.9
300 1.7

XX

x -

xXE

o -

cx

Ux

x
Se + C 2H 6 - H

S50 1 or, 150~ 2 Q0 '25 0 I00

Electron Energy (eV)

Reference: J. A. Schiavone. S, M. Tarr, and R. S. Freund, J. Chem. Phys. LO, 4468 (1979).
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Tabular and Graphical Data C-3.29. Cross sections for electron-

impact dissociation of C3H6 to form high-Rydberg fragments.

e + C3H6  H

---------------------------Electron Cross

Energy Section

eV 1016Om2
------------------------

35 0.024
51 0.27
75 0.91

100 1.3
125 1.4
150 1.4
200 1.2
250 I.1
300 0.95

1,5

xx

x
0-4

U x

0

e + C 3 H6  H

1x

ox

- 50 too1 t5o 2_30 2 50 .0 0i
Electron Energy (eV)

Reference: J. A. Schiavone, S. M. Tarr, and R. S. Freund, J. Chem. Phys. LO, 4468 (1979).
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Tabular and Graphical Data C-3.30 Cross sections for electron-

impact dissociation of C4 H6 to form high-Rydberg fragments.

e + C4H 6  
II**

---------------------46----

Electron Cross
Energy Section

eV 10-16cm2

36 0.0095
51 0.35
75 1.6
100 2.2
125 2.3
150 2.2
200 1.9
250 1.6
300 1.4

x

x x
E,-- x

C
o x

0

C

L**

e + C4H6  H

x

5010O0 1.02'0."5 0

Electron Energy (eV)

Reference J. A. Schiavone, S. N. Tarr, and R. S. Freund, J. Chem. Phys. 70, 4468 (197Q).
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Tabular and Graphical Data C-3.31. Cross sections for electron-

impact dissociation of C3H8 to form high-Rydberg fragments.

e + C3H 8 . H

-----------------------38--
Electron Cross
Energy Section

eV 10-1
6
cm2

------------------------

30 U.0076
42 0.11
51 U.42
76 1.7

100 2.4
125 2.5
150 2.5
200 2.1
250 1.7
300 1.5

---

,ox x

IC

Cx

20

Electron Energy (eV)

Reference: 1. A. Schiavone, S. M. Tarr, and R. S. Freund, J. Chemn. Phys. 70, 4468 (1979).
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Tabular and Graphical Data C-3.32. Cross sections for electron-

impact dissociation of C6 H14 to form high-Rydberg products.

e + C6H1 4 ' H

Electron Cross
Energy Section

eV I0-1
6cm2

25 0.00
50 0.12
74 0.79

100 1.6
125 1.9
150 2.0
200 1.8
250 1.5
300 1.3

------------------------

3

S
Ux

K

- x
cx

U

4)

0

x

e + C6H14 + H

X- I I I
50 100 150 200 250 300

Electron Energy (eV)

Reference: J. A. Schiavone, S.M. Tarr, and R. S. Freund, J. Chem. Phys. 70, 4468 (1979).
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Fabular and Graphical C-4. 1. Cross sections for electron impact ionization of tie.

0 t = )I
Ciross ;n count n

0, = cross section for n-fold ionization

c ron Cross Eletron Cross
E: rgy Sect ion En ergy ect ion

eV IO-16Cm2 elO-1m?
--- -- --- -- -- --- -- --- -- -- - -. . ... .. .. ... .. .. ... .. ..

1, 0 0.167 )0 o. 166

/30 0.146 70u u.145
l j0o 0.121 1000 d. 12 1

0, 0.u828 1530 o.0825
0.0699 2000 O.0696
0.0560 2500 0.0557
0.049'J 3000 o.0492

0.0427 350. C.0426
4uo0 0.0360 4000 0.0386
4 0.0348 450i 0.0 347
L (0 0.0314 5000 U. u313

gross

count

04

i I iA

Refeenc P. Nay".Sulrz n .Shit .Py.B1,14 18)
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Reference P.NUA ktatadV cmdJ hs 3,14 18)
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Tabular and Graphical Data C-4.2. Gross ionization cross sections

for electrons incident on Ne.

gross n n

Ref. 1, Experimental average Ref. 2

Electron Cross Electron Cross
Energy Section Energy Section

eV 10-
16
cm

2  eV 10 -bcm
2

30 0.1106 500 0.515
40 0.2421 700 0.4u,
50 0.3595 1000 0.320
bO 0.4575 1500 0.238
70 0.5376 2000 0.185
80 0.5978 2500 0.158
90 0.6460 3000 0.135
100 0.6745 3500 0.120
150 0.7403 4000 0.107
200 0.7361 4500 0.0273
300 0.6720 5000 0.0896
400 0.5947
500 0.5323
600 0.4757
700 0.4334
500 0.3973
900 0.3654

1000 0.3405
2000 0.1967
3000 0.1430
4000 0.1131

X- -eferen-- - -

X Reference 1
+ Reference 2

0. 8

X Xx X

X0.0

0X0 X

0.4- +X
XX X

U X

oX

++

x +

I I a i i . aI a a p u il| a a I I I |Ia I

100 1000
Electron Energy (eV)

Reference I F. J. de Heer, R. H. J. Jansen, and W, van der Kaay, J. Phvs. B 12. Q7q (Iq79).

Reference 2 P. Nagy, A. Skutlartz, and V. Schmidt, J. Phys. B 13, 1249 (1980).

z969



Tabular and Graphical Data C-4.3. Gross ionization cross sections for

electrons incident on Ar.

°gr~ss 11ii

Ref. 1, Experimental average Ref. 2

Electron Cross Eleect ron Cross

Energy Sect ion Energy Sect ion

eV U-1060m 
CV I0-16cm

2

20 0 .6437 500 0.515

30 I d3d 700 0.409

4c 2.463 I100 0.320

5U 1500 0.238

bO 2.7 3 2000 1.185

70 2.890 2500 0. 158

80 2. 8b7 3000 0.135

90 2.940 )500 0.120

1O0 2. 659 4000 0.107

150 2 .b51 4;500 0.0973

2UG 398 5005 0.0896

400 1 .,o s

500
bOU 1.2'

uu
bOo
900 0. 4,'

1000 04!01

2000 O. 4,17 L

4uUU o j- 146

3.5

X Reference 1

+ Reference 2

3K

X X

XX

U
XX

t.5

X
0

¢'4

X

X +

K + +.5 -

I I 1 I I

100 100C117
Electron Energy (ekl)

Reference 1: F. J. de Heer, R. H. J. Jansen, and W. von der Kaav, J. Phys. B 12, 979 (197q).

Reference 2: P. Nagy, A. Skutlartz, and V. Schmidt, J. Phys. B 13, 1249 (1980).
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Tabular and Graphical Data C-4.4. Gross ionization cross sections for

electrons incident on Kr.

gross n n

Ref. 1, Experimental average Ref, 2

Electron Cross Electron Cross
Energy Section Energy Section

eV 10-1bcm2 eV 10-
6
cm2

20 1.169 500 2.21
30 2.696 700 1.65
40 3.338 1000 1.30
50 3.679 1500 0.961
60 3.934 2000 0.763
70 4.105 2500 0.620
80 4.172 3000 0.542
90 4.141 3500 0.474

100 4.1.7 4000 0.425
150 1.805 4500 0.388
230 3.408 5000 0.353
300 ,?.798
400 2.417
500 2.u67
600 1.88t
700 1.706
800 1.557
900 1.434

1000 1.342
2000 0.7913
3000 0.5866
4000 0.4640

X Reference 1

+ Reference 2

4~ 
XX

X X
X

0

K X2

UX

x

0 X
X

I--L

oI n000

Electron Energy (eV)

Reference i. F. J. deHeer, R. H. J. Jansen, and W. van der Kaay, J. Phys. B, 979 (1979).

Reference 2 P. Nagy, A. Skutlartz, and V. Schmidt, J, Phys. B 13, 1249 (1980).
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rabular and r,hicaI Data C-I,. (ris ionization cross sect ions for

lect rols icdent on XC

f l 1: x ci ntao 1 ve-l-e R -. t

-- -f c --- -" . - - - - - -- -

4-4

- - ----- -_- -.-. .-.-. .-.- -.-. .-.- -.-.

x x

-x x
x+

x

xx
x

x
0x

C+ -

x

4

I x

"i .1 ' I c)

'1'.LIi ' J 1 fl'J' li;1 .

t and U , r'

S!- 
- .t .' R 

n

I - ! -I * A . l ! I v T , n J V S h i t ( I ( s I . . , 1 )
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I .i [,It ( - h. RNt ii of couint 1onivit ion to ('ros o ionization

cro;s ii;cc I i n.t fo r noblIe pas~ atrm

Cr. o s c ' i on for ti- fold ioni zat ion

teV) N Ar Kr Xc-

Io 1 1 1 .0

S1 lb.0 .97
li0 1 1 .972 .9
"o 1 .995 .924 .886

S .986 .905 .873
80/ 902?i .968 .90 .86
,'. .9851 .959 .89 .85

1 i .9771 9498 .8817 .846
150 .646 .9396 .887 .8510
200( .0548 .9353 .88 .8443
300 .9416 .9342 .869 .8337
00 .9420 .9305 .875 .8395
t(00 .9450 9297 .86 .8276
tr)t .9524 .9280 .8667 .8195

.9527 .9278 .8662 .8068
,Sdd 9548 .9275 .8478 7914
92', .955 .9277 .8629 7925

lyi .9556 .9269 .8612 .7937
.9 1.7( .9526 .9225 .8519 .7814
i/37( .9491 .9216 .8416 .7704
,wiO . 9586 .9197 .8299 .7582

kvf(r.n., F .I. de Hleer, R. H. .7. Jansen, and W. van der Kaay, J. Phys. B 12.

979 (1979).
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Tabular and Graphical Data C-4.7. Calculated cross sections for electron-impact

ionization of excited states of Ne

Ne(3s) Ne(3p)

Electron Cross E Lectron rs
Energy ect ion Energy -et i n

eV iu-lbcm
2  eV IL-I(cm

1) 4 1.48 3.4 4.47
5 . 1.b 3.. 1 .1
5.b 2.31 3.6 . 06
6.2 2.9b .9 .77

b.7 3.b5 4.4 12.9
7.5 4.36 5.1 15.4
9.1 ',.41 6.1 17.0
11 5.68 7.1 17.6
12 5.76 9.3 17.1
14 5.68 13 14.6
17 5.47 19 12.0
20 5.14 28 9 55
23 4 .d5 37 7.60
28 4.41 50 5.90
34 .91 67 4.66
39 3.54 100 3.28
49 3.06

no 2.64
74 2.23
100 1.68

+ + + 3 p

E+
+l +

CD

+ 3 s X X c )t
X +

+ X X
XX4X X K

X

X X

X

X

Electron Energy (eV)

Reference: H. A. Hyman, Phys. Rev. A 20, 855 (1979).
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Tabular and Graphical Data C-4.8. Calculated cross sections for electron-impact

ionization of excited states of Ar.

Ar(4s) Ar(4p)

Electron Cross Electron Cross
Energy Section Energy Section

eV 10-1
6
cm2 eV 10-1

6
cm2

4.6 2.01 3.0 5.43
4.8 2.55 3.0 6.81
5.0 3.24 3.2 8.93
5.3 3.98 3.5 12.8
5.8 5.16 3.9 16.6
6.3 6.08 4.5 19.0
6.9 6.78 5.4 20.6
7.8 7.39 6.3 21.2
8.8 7.71 7.4 20.8

10 7.88 10.0 19.0
12 7.74 12 17.0
15 7.41 15 15.4
17 6.94 20 13.1
20 6.37 25 11.1
25 5.59 31 9.38
32 4.81 39 8.02
40 4.19 49 6.68
52 3.50 62 5.42
70 2.76 83 4.28
98 2.10 99 3.67

4 p

4 +
+ 4

+

+ 4 s
0 +

xX xx
4 X X +

+ X
0 S xx

0 X
xa X X

SI I a I I I I .I i i I I i110 1cO0

Electron Energy (eV)

Reference: H. A. Hyman, Phys. Rev. A 20, 855 (1979).
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Tabular and Graphical Data C-4.9. Calculated cross sections for electron-impact

ionization of excited states of Kr.

Kr(5s) Kr(5p)

-- --- -- -- --- -- -- --- --- -- -- - --. . . . . . . . . . . . . . . . . . . . . . . . . .Electron Cross Electron Cross

Energy Section Energy Section

eV 10
16

cm
2  eV 10-16cm

2

4.5 2.16 2.8 6.01
4.5 2.70 2.8 7.93
4.7 3.63 3.0 10.4
5.2 4.79 3.4 14.7
5.6 5.81 4.0 19.1
6.1 6.63 4.4 21.5
0.7 7.44 5.2 23.1
7.7 8.26 6.3 23.5
8.9 8.58 7.6 22.8
10 8.65 9.6 21.0
12 8.36 13 18.0
15 7.79 20 14.3
19 7.11 26 11.8
24 6.39 38 8.80
31 5.51 52 6.85
39 4.68 67 5.45
51 3.84 82 4.58
62 3.32 99 3.92

79 2 .67 -------------------- ----
99 2.17

5 p

+ +

++

45 sC

o' X X X X X

+ X
X +

4 X 4
x x

~X
K"X~X

X X

X
0 I1 x 0

! Electron Energy (eV)

Reference: H, A. Hyman, Phys. Rev. A 2_0, 855 (1979).
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Tabular and Graphical Data C-4.10. Calculated cross sections for elecron-impact

ionization of excited states of Xe.

Xe(6p) Xe(6p)

Electron Cross Electron Cross

Energy Section Energy Section

eV 10-16cm2 eV 10-
16

cm2

4.2 2.32 2.7 6.54
4.3 2.97 2.7 8.49
4.7 4.35 2.8 10.9
5.3 5.96 3.1 14.9

6.1 7.27 3.5 18.9

7.0 8.12 3.8 21.7
8.2 8.58 4.2 23.3
9.6 8.68 5.1 25.0

11 8.50 6.2 25.5
14 8.05 7.3 25.0
17 7.42 8.5 24.0
22 6.69 9.9 22.2
27 5.84 12 20.0
38 4.82 16 17.4
50 4.00 19 15.3
61 3.49 25 12.8

74 3.02 30 11.2
86 2.65 37 9.31

100 2.34 47 7.76
------------------------ 58 6.55

71 5.46
83 4.73

100 4.07

6p

E +

X X XX X

r + +

0 +

X X

XX

o X

X X

X
X

p ,, p p p pI P i d P I II I I 0

Electron Energy (eV)

Reference: H. A. Hyman, Phys. Rev. A 20, 855 (1979).
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Tabular and Graphical Data C-4.11a. Calculated cross 
sections for electron-impact

ionization of excited states of Cd.

Cd(5p 
3
P) Cd(6s 

3
S)

------------------------- - .---------------------------

Electron Cross Electron Cross

Energy Section Energy Section

eV 10-16cm2 eV 10"
1 6
Cm2

----------- m- ------- ------------------------... .. .. .. 2...8...5.21"'

5.8 A.67 2.8

5.9 2.14 2.9 6.77

6.2 2.84 3.1 8.72
b.7 3.75 3.3 11.6
7.5 4.74 3.8 15.3

9.2 6.20 4.2 17.6

11 6.67 4.7 19.2

13 6.72 5.3 20.2

16 6.59 6.2 20.6

22 6.07 7.2 20.3

31 5.12 8.4 19.6

40 4.47 9.7 18.7

55 3.61 12 16.8

71 3.04 16 14.5

99 2.34 21 12.3
28 9.90

36 8.26
48 6.62
63 5.29
80 4.37
98 3.63

6s 3S

F 
+*

+ +.

E+ +

+ 5p 3P +

c 
4

+ X "A X

++

+ K +0' X X

X{ 

X

X 
4

Electron Energy (eV)

Reference: H. A. Hyman, Phys. Rev. A 20, 855 (1979).
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Tabular and Graphical Data C-4.11b. Calculated cross sections for electron-impact

ionization of excited states of Cd.

Cd(6p 
3
P) Cd(5d 

3
D)

- -- -- --- -- --- -- --- -- -- -- --- - -. .. .. .. ... . .... .. .. .. .. ...

Electron Cross Electron Cross
Energy Section Energy Section

eV 101
6
cm

2  eV 10-16cm2

1.9 12.5 1.7 16.6
1.9 16.4 1.8 24.1
2.0 23.1 2.1 39.5
2.2 29.9 _.4 52.1
2.5 37.- 3.0 61.8
2.9 43.6 3.6 64.5
3.2 46.8 4.8 62.3

3.5 48.6 b.2 57.7
3.8 49.3 8.2 52.0
4.4 49.5 12 42.4

5.1 48.2 17 32.8
6.6 44.1 23 26.5
8.4 39.3 34 19.6

11 34.2 52 13.6
14 29.6 76 9.69
19 24.0 100 7.25
24 19.7

36 14.5
50 11.2
62 9.17
78 7.49
98 6.18

10c

5d 3D

+ +
.4.,

+ xXxx x X X +

+ X 6p 
3
P X

X +
X X

x

XX
E xx

r I .I.

10 X

~X
u

0

, x

-- 0

Elecron nerg (eV

a eeec:H .Hmn hy.Rv 0 5 17)
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Tabular Data C-4.12. Cross Sections for electron impact

ionization of Hg.

Electron Cross
Energy Section

eV 10-
1 6

cm
2

300 3.14

400 2.66

500 2.32

Reference: K. Jost and B. Ohnemus, Phys. Rev. A 19

611 (1979).
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I'z ular z11l -aph i cal [ata C-4. 13a. Calculated cross sect ions for ce ctl 11- imp wT

ionization for excited states Of lip.

, bp I') fg. I/s S)

Sr oss El 1ectron Iro:3

Energy Sect i ,an Energy Sect i or

ev11 - bom
2  lO 1 -16cm2

eV ti
t 

meVo c

.. .. . 1 . t 1 2.9 4 .'2

b.1 2.03 3.0 5.86

0.5 .q2 3.1 7.34

1. 53.88 3.4 9.87

. 4.90 3.9 13.2

9.I 5.68 4.6 16.3

el 0.20 5.4 18.4

1< 0.37 6.2 I'J.0

14 b .39 7.4 18.8

10 b.27 9.0 18.1

19 5.99 11 16.8

23 5.59 14 15. 1

29 5.07 17 13.6

3b 4.3' 22 11.5

47 3.85 28 9.70

62 3.21 38 7.60

61 2.71 50 6.15

3 2.36 75 4.4 0
99 3.50

-77s 3 S

+ + + + 4 +

+. +

+ X X Xx +

6pc+ x 3p
"6p px4

xJ x

x

,. * * * II I I .ULJL L_

119 1 0 1 ikl i.i

Electron Energy (eV)

Reference: H. A. Hyman, Phys. Rev. A 20, 855 (1979).
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Tabular and Graphical Data C-4.13b. Calculated cross sections for electron-impact

ionization for excited states of Hg.

Hg(7p 31) Hg(6d 3D)

---------------- ---------------------------

Electron Cross Electron Cross

Energy Section Energy Section

eV 10-1
6
cm

2  eV 10-1
6
cm

2

---------------------- - .------------------------

1.9 13.3 1.8 17.1

2.0 18.4 1.8 22.8

2.2 25.2 2.0 31.5

2.4 32.2 2.2 43.9

2.8 42.1 2.7 59.1

3.3 48.6 3.2 65.4

3.6 50.7 3.7 68.0

4.3 52.0 4.3 67.1

5.0 51.2 5.3 64.3

6.3 48.1 6.6 59.6

8.3 42.6 8.2 54.6

11 37.2 11 46.0

15 30.3 16 34.7

21 23.8 23 25.8

27 19.7 34 18.8

35 16.0 47 14.0

47 12.7 63 10.9

61 9.95 81 8.67

80 7.90 98 7.22

100 6 .36 ------------------------

6d 3D
+ + + +

x
+ X) XX X X X +

7p 3P x

+ x +

X +

+ x
+ X X

E + X +

X +~X110x K + +

u

C,

l I I l l l lp l a i

11 IC 1 IO0

Electron Energy (eV)

Reference: H. A. Hyman, Phys. Rev. A 20, 855 (1979).
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Tabular and Graphical Data C-4. 14. Cross sections for electron-impact

ionization of C'-

e 4 C C 3 + - e + e

Electron Cross Electron Cross
Energy Section Energy Section

eV 10 18cm' eV 10- 18cm
2

37.1 .02 68 9.32
41 .00 78 10.42
42 .58 88 11.52
43 .47 98 11.33
44 57 123 12.16
45 .92 148 12.31
46 1.04 198 11.78
47 2.05 248 10.98
48 2.66 298 9.85
49 3.03 398 8.50
50 3.09 498 7.70
52 4.18 598 6.64
54 4.95 698 6.13
58 6.35 848 5.38
63 7.40 998 4.87

14

xx'cx
X

I x
xx

EB

x

o 
x

- x
x

.x

06 X

C')

C --

x

+
2 +  

C3+ +e +e + e

Electron Energy (eV)

Reference: P. R. Woodruff, M. C. Hublet, M. F. A Harrison, and E Brook,

J. Phys. B 11, 1679 (1978).
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(!i;,ph ir.ul aClt;i C-4 15. Cross scot i,ns fo elictron-impact ionization of No.

u + NO) - ?c + NO)

---------------------------------------------------------------------------------

- . l !.i-lj.1 < ,

"" 1 C .;.< '£,

. . . . . . .. . . . . . . . . . . . .

• 1 . 4>0 .'

.1 ,3

0 u I G7

(5 . '.•L< i-i() C o

14 1 .

. (ju 1 .? I

X!...[" ! , "x o m l b b c

C ...1. 1o1U C

* . C. 1.5. 1-1

* -"1.0+ 1).' s. 10

3- x x
x

x
/ x x

- X
xx

x x

x x
X X

2 xX 3K
't X Xx x

x
xK

x

I I I i i [ I II I I i I I I

ii tO0 tfOD

Electron Elnerv C (.5V)

P ference D Rapp and P En lander-Golden, J. Chem. Ph wv!,; ',. 1464 (1965) .
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Tabular and Graphical Diata C-4. 16. Cross sct ions; for elet'r ron- 4mp10ct i01i0 / ion of 

e f N 20 ) 2e + N,,()+

----------------------------------------.-.--------------------------------------

Slsoctrrl CroJS EliIro oss ' Cross i--tr'rO f .

nrlr.,y oect ion .ncrg,, bee iol .nnr'ry . ,

14 L

14. , -. ,

x t . e x, 1 J o I j ,

- I.•,- 1. 5, '~ 1 i . t . ,

0.. 11b q5,. t . '

-,b, ' ) 1)'.)./ 3 !

• .2 . 1 1 l44•

l, .,s 14u,..'

3., 1 ; / 14C3.,2

.. , 1. . , I ,js. ,t - InI Next. ..

.................... ... . .............. ........

k,.on. [1~ doHm ,'Int. lext Cln IhT th 1.' 14.

x x
x x

X
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Tabular and Graphica l Data C-4l17. Cross sections for electron-impact ionization of CH4 '

Electron rcs i Electron Cross Electron Cross
Energy e3c t I Ci, Energy Scot ion Energy Sect ion

O eV I6-10cm-, e V Ib-Ic,
2

1-., U.Ui 5o .0 .) r .7

1 ,. a 145' 50.0 5.5 ccl5 214L)40.,- >'0

I, .oU I 0 0 .0 .
t

5o 1 .t) I

0 ,' 4, ,l o5, 3 5 u 1 .6344), oS~ 3.o u 1
1~, c, 53 Lo.. U. Is1

u.7a0 0,.a 3.70 00U 1 .54
15.- ) 7tIE5, 3.7.. 7w, II

o _ ,oj,o d . 3.7u 75 1.4
5.0 u.,s7/ a5,0 3 sO bO 1.4,

CO 801) 1.93

1'I. . -01S' . . 0) ' 1 . ,4

,- 1 .,'11U .0 boo '.1

.' 1 .os 1cC . 9l~ O .1

.j 1 r', 3b3.46
,: . 1 r; 13 5 40J

14' 5.41

14:)53
1<.. .,.,+ ls; 3.33

-u .7.. is...

olt. ;4ext Jolsin ..not. Next COluon

4

x x xx* '

x x
x

3 x x

x

x xx: x
x x

Co
x

K
2 x

x
t2x

K x
K K
x X

x

x
x

X
x

x
x

K
K

I I I I Fi T I

l int n ,o 1,'ooo

Ref' rena? o Ratei and P. 1 nt]lantler-rGel den, ,1. tah., 'tjy,, , 1, I I',4 t'0t,4:
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Tabular and Graphical Data C-4.18. Cross sections for electron-impact ionization of C2H4 .

---------------------------------------------------------------------------------

Electron Cross Electron Cross Electron Cross
Energy Section Energy Section Energy Section

eV 10-1bcm
2  eV IU- 16cm2 eV 1 ,

1
Ucm2

10.5 0.0114 21.5 2.00 75.0 5.76
11.0 0.0449 22.0 2.09 80.0 5.b0

11.t 0.0871 22.5 2.16 b5.0 5.83
12.0 0.134 23.0 2.27 90.0 5.83
12.5 0.193 23.5 2.35 95.0 5.83
13.U U.2,j 24.0 2.44 100 5.79
13.5 u.345 26.0 2.95 105 5.77
14.0 U.431 28.u 3.25 110 5.74
14.5 0.533 30.0 3.52 115 5.70
I1.u u.642 32.0 3.70 120 5.66

u. 0.752 34.0 3.98 125 5.61
1l.o 0.861 36.U 4.10 130 5.56
1b.5 0.959 38.0 4.35 135 5.51
17.0 I.06 40.0 4.50 140 5.42
17.5 1.l1o 45.0 4.du 145 5.39
1b.U 1 .27 O.0 .u7
18.o, 1.37 55.0 5.29

19.u 1.49 60.0 5.47

19.5 1.59 '.,.0 5.61
21.0 1.90 70.0 5.69

Cont. Next Column Cont. Next Column

7

6
X X XxXXXXxX

x
x

E5 X

~X

,n N

10

3 - x

Electron Energy (eV)

Reference: D. Rapp and P. Englander-Golden, J. Chem. Phys. 43, 1464 (1965).
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lbular and Graphical Data C-4.19. Cross sections for electron-impact ionization of SF6.

-----------------------------------------------------------------------------------
r.iotr'on Cross Electron Cross Electron Cross
rnerey Jcctio Energy Section Energy Section

ew llucnr eV 1U'1
6
cm2 eV Iu-1

6
m2

---------------------------------------------- ------------------------ ------------------------
. u.u202 34.u 2.7u 115 6.79

I1,. U.03" 3b.U 3.04 120 6.66
..U5'4 38.0 3.26 125 6.b7

1O.u U.ubjt, 40.0 3.47 130 6.88
1 ., J.11o 45.u 3.79 135 6.92
I). u. I5 50.u 4.35 140 6.93

lj.'> 0.194 55.0 4. I 145 U.94
z .331 bO.u 5.09 15U 6.97
.. 39" b.O 5.34 160 6.97
, .410 7u.u 5. W5 180 6.76
u.537 15.u o.77 20u o3
0 .Ul1 oU.O 5.95 25U 0.40

..71o d5. u.14 300 0.09
o4.j 0 . 2U 90.0 0.2o ------------------------
-U.' 1.2o 95.0 6.42

.. 5 100 b.53
10.u 1.93 Iu5 b.63

52.u 2.31 110 6.71

0 ont. Next Column Cont. Next Colunn

xX

6- x xxx

6a 5
XX

X

5 X
5- x

CX

4-

X
u, XK

~x3 K

2-
X

X

10- too

Electron Energy (eV)

Referencee D. Rapp and P. Englander-Golden, J. Chem. Phys. 43, 1464 (1965).
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Tabular and Graphical Data C-4.20. Cross sections for electron-impact

ionization of C02 + 
ions.

Electron Cross Electron Cross

Energy Section Energy Section

eV I0-1
7
cm

2  eV 10-
17
cm

2

24.90 0.126 124.5 3.95
26.50 0.326 166.0 3.96
27.40 0.450 232.4 3.47
29.Ou 0.626 232.4 3.58
29.30 0.662 332.0 2.91
33.20 1.24 456.5 2.37
41.50 2.13 622.5 2.18
49.80 2.64 830.0 1.66
56.10 3.08
83.00 3.72

Cont. Next Column

5

x x

X
x

E

') 3 x

cXr
o K

U X

0 I-
o X

X

1X
N
K
K

Kql I I I I II I I I • I I I

q1O 1000
Electron Energy (eV)

Reference: A. Muller, E. Salzborn, R. Frodl, R. Becker, and H. Klein, J. Phys. B 13,

L221 (1980).
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Tabular Data C-4.21. Appearance potentials for electron-impact

ioni*ation of rare-gas dimers.

---------------------------------------
Appearance

Dimer Potential
(eV)

..................--------------------

Ar2  15.2 + 0.2

ArKr 14.0 + 0.2

Kr2  13.45 + 0.3

KrXe 12.2 + 0.2

Xe2  11.75 + 0.3
------------------------------

Reference: H. Helm, K. Stephan and T. D. Mark. Phys. Rev. A 19,

2154 (1979).
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Tabular and Graphical Data C-4.22. Cross sections for electron-impact

detachment from F'.

----------------------------------------------------------
Electron Cross Electron Cross
Energy Section Energy Section

eV 10-bcm
2  

eV 0-16ocm2

1j.2 1.03 9t.0 2.60
1b.0 1.63 146 2.40
23.u 1.92 197 2.11
26.0 2.23 247 1.80
33.0 2.33 296 1.62
3d.O 2.44 396 1.37
48.u 2.65 495 1.16
58.0 2.71 595 1.04
bb.0 2.74 794 0.840
b6.U 2.71 990 0.730
83.0 2.67 ------------------------
90.U 2.62

Cont. Next Column

xZ
x X

2.5-
x X

2x

X X

o 1.5
~X

o Xa$.

K xx

0.5-

100 I000
Electron Energy (eV)

Reference: B. Peart, R. Forrest, and K. T.Dolder, J. Phys. B 12, L115 (1979).
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Tabular and Graphical Data C-4.23. Cross sections for electron-impact detachment from 0-.

Inclined beams

90% confidence limits of random error

Electron Cross Electron Cross Electron Cross

Energy Section Energy Section Energy Section

eV 10-1
6
cm2 e. 10-1

6
cm2 eV 10-1

6
cm2

3.28 0.640 20.5 5.27 27.3 5.72
5.37 1.48 21.4 5.46 27.5 5.81
7.62 2.83 22.1 5.78 29.1 6.12
10.6 4.35 22.8 5.89 30.7 6.19
12.8 5.21 24.4 5.97 32.1 6.29
15.2 5.54 25.2 6.10 32.5 6.28
16.7 5.61 26.0 6.34 36.9 6.03
18.1 5.78 26.3 5.82
19.0 5.90 26.8 6.08
19.6 5.24 26.7 5.48

Cont. Nex. Column Cont. Next Column

7

K XKX X
X X X

0
4-

o 3x

r. X

2
X

t-
X

I i I I I I I

5 10 15 0zo as 30 35 40
Electron Energy (eV)

Reference: B. Peart, R. A. Forrest, and K. Dolder, J. Phys. B 12, 2735 (1979).
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Tabular and Graphical Data C-4.24 Cross sections for electron-

impact detachment from -

6lectron Cross Electron Cross

Energy Section Energy Section

eV 10-16m
2  ev 10- 16

cm2

10.3 4.51 58.0 5.85
13.3 t.54 b8.0 5.64
15.3 5.63 98.0 5.16
16.3 5.69 108 4.88
18.3 5.18 108 4.80
18.3 5.56 148 4.09
18.8 5.51 197 3.71
19.3 5.44 296 2.88
20.3 5.9b 396 2.28
23.3 8.26 495 1.89
26.1 8.18 595 1.62
28.1 b.48 694 1.45
33.3 8.29 794 1.33
38.0 b.35 990 1.18
48.0 6.04 -
50.0 b.05

Cont. Next Column

x ixX x
-- X X X

X
Xx X

4-
K

XX

4

XX

~0

o4

2 --

xx

X
X X

1-

,,I , n n n I JI I I i i i

1310C 0 100i

Electron Energy (eV)

Reference: B. Peart, R. Forrest, and K. T. Dolder, J. Phys. B 12, 847 (1979).
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Tabular and Graphical Data C-4.25. Cross sections for electron-

impact detachment from C'.

Inclined beams

907. confidence limits of random error

Electron Cross Electron Cross

Energy Section Energy Section

eV 10-
15
cm

2  eV 10
15
cM

2

11.6 2.14 20.4 1.95
13.0 2.15 20.9 1.91
14.4 2.16 21.9 2.01
15.2 2.09 22.7 2.00
15.9 1.99 23.5 1.97
17.4 2.01 25.0 1.81
18.1 2.17 26.5 1.77
18.9 1.99 28.1 1.75
19.6 1.86 31.2 1.68
20.0 2.00

Cont. Next Column

2.5

X X X X

X X )g X X •
2- x

~x
oX~x

(N X

KX

0

u

.4)

0
U

lo I I II
10 15 20 25 30 35

Electron Energy (eV)

Reference: B. Peart, R. A. Forrest, and K. Dolder, J. Phys. B 12, 2735 (1979).
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Tabular and Graphical Data C-4.26. Cross sections for electron-

impact detachment from C-:

.lectron Cross Electron Cross

Energy Section Energy Section

eV 10-16em2 eV l-1 cm
2

10.2 17.9 9d.0 9.97
13.2 17.9 107 9.96
15.7 17.4 146 7.55
1b.2 18.5 197 b.23

23.2 17.b 296 4.87
28.0 16.7 396 3.87
38.0 15.1 495 3.22
4b.0 14.2 595 2.70
53.0 13.3 794 2.07
63.u 12.4 990 1.73
78 .0 11.6 ------------------------
88.0 10.8

--------------------.----

Cont. Next Column

20

x
K XX

X

16;

X

X

U X

12
tO  X

a XX
0
c (X X

0
XmX

mX
OX

X
X

, 100 0
Electron Energy (eV)

Reference: B. Peart, R. Forrest, and K. T. Dolder, J. Phys. B 12, 847 (1979).
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C-5. ELECTRON-ION RECOMBINATION

CONTENTS

C-S.i. Cross sections for dissociative recombination of electrons
with H3+ to form H...................................................... 

29
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labular and Graphical Data C-5. 1 Cross sect ions Ifur

it , ;jircomi i ni.ot io of clect rons with H Ii to, frr! H

s, r,r 7y ;. t ion

i.4?

it . ti I 7 .o)1

<1 .

- - --~- --

x

x

x

xx

xx

0 x

xx

4 .
e +H 3+ H- + ±,

XX

.4 6 1

Electron Encri'v(e'

Reference Ii. Peart, R. A. Forrest. .ini K Dii P,

7"ow_---



-o. NEGATIVE ION FORMATION BY ELECTRON IMPACT

CON t ENTS

C-6.1. Cross sections for dissociative attachment of electrons to N,........... 9'

C-6.2. Total electron attachment cross sections for (C1 I . ..... ....
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C-6.5. The effect of vibrational and rotational excitation on threshold
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in H, and D 2 ........... .................................. .......... 3003

C-66. incr ise in dissociative attachment cross sections in SF6 doe to

vibrational excitation of the gas prior to the collision ........... 3005
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Tabular and Graphical Data C-6.1. Cross sections for dissociative

attachment of electrons to N20.

e + N20 N2 + 0-

Temperature Rate
Constant

K 10"
15
cm

3
/molesec

323 30.0
311 13.5
295 4.80
275 2.30
261 0.580

be -- _____ _____ _------------------------_ _ ____

e N N20 N N2 +0

x

10

0

0 + 20 2 300 32 340

S(K44

vK

O
c

I I I02140 260 280 300 320 340

Temperature (OK)

Reference: H. Shimamori and R. W. Fessenden, J. Chem. Phys. 70, 1137 (1979).
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Tabular and Graphical Data C-6.2. Total electron attachment cross

sect ions for C(I3F.

- l, t r on r-i.; r. Iectron 2ross
cnervy ., Lt: r~nwrey -;(eer ion

Cl ; VV 1' C " ,IU- 1 6cm2

,J~o. I " .o ~ bO .19

O" . L .ob' 5.43L, ~ ~ ~ ~ . 4l~ 4~bUUt )

.0 14u t,',->6.32
, O b - 27 U.7jO 6.67

- 1u -.0) o.7,) 6.7U
v.12 4.24 U.0U 6.47

. 1 .05 5.99
-.I0 u.b4 U.5 ',.36
I.z' I.4 tu. 9 Ij 1.59

u~u .'b I .2 5.15u4 )1.1 1 .56
-. 3u I 1) 1.2 U.39u
U.35 7.uz 1.3 J.05uh
,.4u ,.o7 ------------ ------------
.u. 45 ") . j

cont. 4ext (;1..o::

16

14
x

12-

10-
'C
- K

0

o

x X X X X

o-
u x X

4-- x x

x
xxx

i I I I I t -,

(0.2 0,4 0,6 0.8 1 1.2 1.4
Electron Energy (eV)

Reference: D. L. McCorkle, A. A. Christodoulides, L. G. Christophorou, and I. Szamrej,

J. Chem. Phys. 72, 4049 (1980).
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Tabular and Graphical Data C-6.3. Total electron attachment cross

sections for CCI F 2

---------.-----............--------------------------
Electron Jross Electron Cross

rnergy jOection Energy Sect ion

eV I J- 1 
6
cn, eV 1 0- I Oe.2

------------- ------------------------

. .u40 U.6U0 U.5U 0.220

u.O56 I1.bo o.4, .230
U.dbu J6.13 0.60 0.2bO

u.070 j.40 0.534
.Od 2 I.o7 0.70 0.440

U.10 1.16 0.75 0.570
,.1Z 0.o40 U.O 0.700

U.14 ).340 o.b5 .62U

v.1o J.240 .90 u.Ogu

u.Id 0.230 u.95 U. jqU

0.20 0.320 1.00 0.700
o.2o 0.410 I.1 0.35o

6.30 U.o50 1 .2 0.07u0
0.35 0.490 ------------------------

0.40 u.350
S. 45 ).260

------------------------

Cont. Next Column

X

X

3-

2

C

4-X X

E

2
r

0

XXU

X x

X K

X X X x x

XX X X X X
I I I II

0.2 0.4 0.6 0.8 1 1.2 1.4

Electron Energy (eV)

Reference: D. L. McCorkle, A. A. Christodoulides, L. G. Christophorou, and I. Szamrej,

J. Chem. Phys. 72, 4049 (1980).

3001

- - -- ,' -." - " -"



Tabular and Graphical Data C-6.4. Total electron attachment cross

sections for CCIF 3.

---------------------------------------------------Electron Cross Electron Cross

Energy Section Energy Section

eV I0-16cm2 eV 10-1
6
cm2

0.85 0.0200 1.4 2.09
0.90 0.0300 1.5 1.33
0.95 0.0400 1.6 0.570
1.00 0.0800 1.7 0.250
1.1 0.180 1.8 0.160
1.2 0.630
1.3 1.60

Cont. Next Column

2.2

2

1.8

1.6 -

E 1.4-
°0

1.2-
c
c

0.6-

0.4-

UX

0.2- X X

.U 0.2 0.4 0.6 0.9 1 1.2 1.4 1.6 1.9 2

Electron Energy (eV)

Reference: D. L. McCorkle, A. A. Christodoulides, L. G. Christophorou, and 1. Szamrej,

J. Chem. Phys. 72, 4049 (1980).a

3002



Tabular Data C-6.5. The effect of vibrational and rotational excitation on

threshold dissociative attachment cross sections in H, and D2,

Tabular Data C-6.5a. Experimental ratio of threshold dissociative attachment

cross sections for vibrationally excited molecules to that for

molecules in the vibrational ground state.

...............................................................................

H2  D2

Internal InternalEnryv . v=O Energy v /v-(
Energy DAIODA EDA DA

v eV eV
-------------------------------------------------------------------------------

1 .49 32. .36 42.

2 .98 560 .70 9u0.

3 1.44 5.6 x 103 1.05 1.2 x 104

4 1.86 3.8 x 104 1.36 1.0 x 105

5 1.67 7.2 x 105

Tabular Data C-6.5b. Experimental ratio of threshold dissociative attachment

cross sections for rotationally excited molecules to that for

molecules in the rotational ground state.

--------------------------------------------------

H2

Internal 0
Energy aj /a

DA DA
j eV

5 .23 1.6

7 .41 4.2
------------..-----------..---------..----..------

Ground-state dissociative attachment cross sections at 300
0
K, taken from

G. Schulz and R. K. Asundi, Phys. Rev. 158, 25 (1967)

DA (H2 ) = 1.6 x 10
- 2 1 cm

2

ODA(D 2 ) = 8 x 10-24cm2

Reference: M. Allan and S. F. Wong, Phys. Rev. Lett 41, 1791 (1978).
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Tabular and Graphical Data C-6.6. Increase in dissociative attachment

cross sections in SF6 due to vibrational excitation of the gas prior

to the collision.

a Temperature dependence of the cross section for dissociative

attachment to SF to form SF - Taken from Fig. 1 of the reference.

Electron
Energy

(eT) 0 0.1 0.2 0.3Temperat uire

"K

100 6.5 3.6 5.4 6.4
3i0 8.3 5.0 6.4 7.5
155 14. 7.0 8.6 9.3
420 44. 16. 15. -

00 130. 29. 19. -

607 290. 43. 23. -

740 490. 76. 30. -

88(, 780. - - -

1, liser enhancement of dissociative attachment cross section for

electron, on 32 S6to produce 32F 5- The radiation selectively

32 t rdc hexcites the v, vibrational mode of SF6 to produce the

enhanced signal

X
X

X X

X x

X

X
X

X

X
X

XXXXX
XX

X

X XcX XX~X
)~E XXXX XO.:- xx IIXX X X

(0 1 ,.4 5

E lec r on lEnerv leV)

lClIren, v 1. Chen and 1P .1 Chantrv, . Chem. Phvs . 71, I897 (1979).
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Tabular Data D-1.2

Branching Ratios and Partial Cross Section for
the Photoionization of Ar 3s

Energy Measured Branching ratio0  Total Argon 3s

loss intensity photoionization photoionization0

(e V) ratiob 3s 
3p cross-section (Mb) 

d cross-section o (Mb)

3sl3p

32.8 0.031 0.030 ( 6) 0.970 ( 6) 16.7 0.500 (100)

33.8 0.023 0.022 ( 9) 0.978 (10) 14.2 0.310 (127)

35.8 0.023 0.022 ( 8) 0.978 (10) 9.4 0.210 ( 75)

37.8 0.012 0.016 (10) 0.983 (13) 5.9 0.094 ( 59)

39.8 0.000 0.000 ( 4) 1.000 ( 4) 3.7 0.000(14)

41.8 0.012 0.011 (11) 0.989(11) 2.2 0.024( 24)

44.8 0.061 0.057 (43) 0.943 (44) 1.25 0.070 ( 53)

46,8 0.103 0.093 (35) 0.907 (46) 0.97 0.091 ( 34)

49.8 0.124 0.102 (40) 0.826 (59) 0.92 0.094 ( 37)

51.8 0.129 0.106 (68) 0.782 (65) 1.01 0.110 ( 70)

54.8 0.164 0.123 (28) 0.754 (40) 1.19 0.146 ( 33)

59.8 0.226 0.155 (38) 0.685 (38) 1.37 0.213 ( 52)

64.8 0.267 0.177 (35) 0.658 (42) 1.45 0.257 ( 51)

69.8 0.266 0.177 (37) 0.664 (48) 1.48 0.262 ( 55)

74.8 0.223 0.153 (68) 0.687 (68) 1.48 0.227 (101)

Values in parentheses represent the uncertainties in the derived quantities.
b This represents the 3s/3p intensity ratio corrected for analyzer transmission efficiency.

Branching ratio (3s) = 3s/(3s + 3p + 2+ ) etc. The data for multiple ionization are taken from

ref. 30. This correction has been made above 46.8 eV.
d From data of West and Marn.

* a(Mb) = 1.0975 x 102(df/dE)(eV)
- I.

Note: The value in parentheses represent the uncertainties.

Reference: These data were taken from K. H. Tan and C.,E. Brion, J.

Electron Spectrosc. 13, 77 (1978) except for the total cross
section which was taken from J. B. West and G. V. Marr,
Proc. Roy. Soc. A 349, 397 (1976).
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Graphical Data D-l.5

Partial photoionization cross section for C(1S) leaving the ion
in the a) 2s'2p 2P, b) 2s 2p2 2D, c) 2s 2p2 2S, and d) 2s 2p2
2P states.
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Partial photoionization cross section for C(3p) leaving the ion
in the a) 2s22p 2p, b) 2s 2p2 4P, c) 2s 2p2 2D, and d) 2s 2p2
2S, and e) 2s 2p2 2p states.
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Graphical Data D-1.8

Theoretical total photoionization cross section for N('S) in length
(L) and velocity (V) formulations in two theoretical approximations
compared with various other experimental and theoretical results.
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Photoionization cross section of N("S) to N+('P) correspondinq
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in length (L) and velocity (V).
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[a hl I ar Data D-I. 15

Photoionization Cross Dection ,  nd "rimr hirq P ti (

in Various Theiwetico l A)proxiilatio s for ,

im of the 3p - kd,k', cross sections at various energies (in 104 err
2 

1.

With relaxation effects Without relaxation efflcts

Photon Inwest-order IIF Correlated Lowest-order [IF Correlated
energ, (eVi Length Velocity Length Velocity Lenprth Velocity Lenkth Velod tN

16.62 56.14 37.05 35.91 34.00 60.40 43.06 39.4 35.99

1i, 51.66 33.30 3C.13 34.71 51.10 3,5 .r,0 4tIl1I 36.3C
24, 42 60 2C.41 35.30 31.62 3,.79 25.92 39 -,, 35.49

21.2 37.22 22.46 34.32 30.10 32 4," 21.11 37.11 3402

23 29.9- 17.32 32.06 29.57 24.33 15.17 3?,.94 30 55
25 23.17 12.71 2s.45 23.34 16.97 10.13 27.r2 24.97
27 17.51 9.11 24.17 21.46 11.31 6.49 20.33 10.35

30 11.03 5.30 17.40 12.09 5.R7 3.10 11.52 10.37

32 7.75 3.54 13.01 10.94 3.64 1 95 7.17 6.44
35 4 45 1,9 7.,7 5.16 1 69 0.92 3.19 2.s

40 1.61 0.70 2.S3 2.19 (10, 0.50 0.9:1 0.o

45 0 57 0.36 0.00 ((.t; 0.42 0.45 O.:3 0.3"

'Includes cnrrelations from coupled-equationB method.

Rati, o f Lie 11 and i ( r',s- se( tbitt' t) 1' at varimii enErgie-

i1j rail.t

Photwn V it', relaxation effect, tl, lout relaxati.in eff('c t..
energN Ioweslt--rdor Iff Correlated Lio~est-ordcr If F ('orrelated

0

(e%, Length Velo "it, length Veloit IAr'tth Vchu.It L mengt Velrocit%

10 0.h2 0.97 0.61. 0.69 1.1 1.2 0.79 0.,

19 0.67 ()02 0.66 I 0.6 0.9r 1 1 0.77 0.0"

20 0 .,. 0 71o 01.67 (.70 , 0.91 0.75 6.0.

21.2 0 45 0 . 0.6. 0.72 0 7o 0.53 0.74 ().79
22 0.40 0.5:3 0 70 0 71 0.63 0.7f; 0.74 O. 9
23 0is 01.47 0.72 (',76 ., 0,: 0.74 (.7

'S rat,"

10 o24 0 25 0.11 0.14 0.32 0.31 0.1' (.1,

19 0 10 (1,2(1 0.11 0.1: 0 27 0.20" 0 14 ('16
20 0.14 (1 16 011 0 1V 0.2-2 0.24 0I 1 0.1 1

21.2 0.11 0.13 0 11 0.12 0 Is 0.20 (.12 (-.14

22 0.09 (.12 0 11 ( 112 ().15 0.17 (.12 014

23 0.0), (.10 0 11 ('.12 0. 1: 0. 1 0.12 0.1:

"- ,. ' .. ... ( : " ( , ',,! ) ! I ( ' ' ) , I , t:) , . ' . I .i ) t ,. l T . ' ( ] ] v
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Tahular Dat4i D-I. .1

Photoionization Cross Sections for Sinqly

Charqed Positive Inns

HV I ' ,. V. LW Ct N,* 0. F#

6 0.00E CC O.O00E 00 C.O00E 00 Is O.00E 00 9.000E 00 0. 00E 00 O.O00E 00

7 0.0 0E 00 O.O00E 00 0.000[ 00 20 0. 00E 00 0.00 00 . OOE 00 O.O00E 00

8 0.00E 00 0.000E 00 C.OCCI CC 25 3.40 5E 00 O.O00E 00 0. O00E 00 OO00E 00

9 0. OOOE C O.C0 00 C.OOCE CC 30 2.388E 00 6.071E 00 0. O00E 00 O.O00E 00

10 0.OOE oc O.0o0 O0 C.COCE 00 35 3.377E 00 4.808E OD 0. 00E 00 0.0001 00

15 O.O000E CC O.O000t UO c.OGE 00 40 2.751E 00 5.190 00 6. 571E 00 6.177E 00
20 0.000E 00 1.398E 00 O.O00E OC 45 2.Z7TE 00 4.350E 00 S.624E 00 7.541E 00

25 0 .000E 00 1.05 1 00 2.2qE 00 s0 1.910E 00 3.670E 00 5. 062E 00 C.827E 00
10 0.000 O 00 4.05E-01 1.872k CC 60 L.395E 00 2.6T4E 00 4.473E 00 6.307E 00
35 0.000E CC ". 2781-01 1. !50E Cc 70 1.059E 00 2.009E 00 3.442E OC S.115E 00

.0 0.00E 00 b.985E-01 1.294E 00 so .284E.,O 1.550E 00 2. b88 00 4.1376 00

45 D.OOU V'0 4.027k-01 1.0921 00 90 b.b3bE-0 1.225E 00 2. 132E 00 3.360E 00
50 0.00E 00 1.304E-01 9.30oE-01 100 5.413E01 9.890EgO1 1. 719E 00 2.749f 00
t 0 001E CC 2.310t-01 t. 95'4-01
70 0. O00 OC I .eSE-0 5.368E-0!

sO 2 554E 00 1 .269k-0l 4.242 -01

90 2.0350E 0 9.81ZE-02 3.420E-0
IOC L.613E 00 7.7b4-02 2.80CE-cl

"V NE NA* "G+ AL# SI P* S.

is 0.0001 00 O.OCO6 00 O.00E 00 O.O00E 00 1.206E 00 O.O00E 00 0.000E 00
20 O.00E 00 O.O00E 00 2.541E-01 4.400.-'Ol 2.455EOL 1.272E 00 O.O00E 00
25 O.00E 00 O.O00E 00 2.279E-01 4.709E-01 6.216E-01 4.092E-O 1.192E 00
30 O.00E 00 0.000E 00 1.9541EOl 4.438E-01 6.751E-01 0.118E-701 5.453E-01
35 o.ooo 00 o.ooo 00 t.664E-ot 4.020E-O 6.854Eo 8.87SE-oL 9.730E-01

40 O.00E 00 O.O00E 00 1.422uEO1 3.600E-01 6.679E-01 9.291E-01 1.0681 00
45 8.1OOE 00 O.O00E 00 1.226E101 3.221E-01 b.362E-01 9.359E!O 1.1351 00
so T.646E 00 7.014E 00 1.061En01 Z.SqOE01 S.9$OEj01 9.189E-01 1.166E 00
60 6.925E 00 8.166E 00 0.287E-02 2.359E-01 5.177E-01 8.441E-01 1.146E 00
70 6.576E 00 7.811E 00 6.289E 00 1.960EO 4.425E-01 7.488EO1 1.065E CC

so 5.594E 00 7.401E 00 .A54E 00 1.654E-01 3.767E-01 6.ZTE--OI 5.592E-01
90 4.720E 00 6.333E GO 6.557E 00 5.409E 00 3.211E-01 5.649E-01 8.505E-01

100 3.972E 00 5.363E 00 6.559E 00 S.7e91k 00 2.7501-01 4.8861-01 7.490E-01

Accuracy: These theoretical data should he good to 20 except near
thresholds where they were s(-mewhat worse.

Reference: The above data were taken from R. F. Reilman and S. T.
Manson, Astrophysical Jour. Supp. 40, 815 (1979).
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Tabular Data D-!.l9

Photoionization Cross Sections for Singly
Charged Positive Ions

11V C L A K' CA* SC. TI. V+

1 O.O00E 00 O.O00E 00 0.000 00 Z.036rOl 3.066E 00 I.6S0GjCI 1.4160Ea1

20 O.00E 00 O.O00E 00 0.000E OC I.?29E-Cl 3.311E 00 5.100E CO S.E808 00

25 3.782E 00 O.OOOE 00 C.O00E 00 1.400E-01 3.144E 00 S.39,6E 00 6.573E 00

30 1.145L 00 3.0341 CO 0.400E 00 1.14ZE-01 2.786 00 5.18LE C0 6.822E O

35 b.blzE 01 1.133E 00 2.605E 00 9.48OEOZ 2.3996 00 4.7L3E CO 6.5871 00

40 1.09BE 00 7.84E-O1 1.240E 00 8.015E-02 Z.C52E 00 4.188E 00 6.108E OG

45 1.207E 00 1.189E 00 9.03b8EOl 1.228E 00 1.7?E 00 3.694E 00 5.555E 00

s0 1.296E 00 1.3C8t 00 1.341E OC 1.019E 00 2.!58E 00 3.252E 00 5.016E 00

60 1.370E 00 1.#86E 00 1.588E 00 1.604E 00 2.C36E 00 3.354( CO 4.63E 0G

70 1.342E 00 1.543E 00 1.709E 00 1.780E 00 2.380E 00 Z.B72E CO 4.054E 00

80 1.257U 00 1.511i 00 1.708E 00 1.862E 00 2.316E 00 3.025E 00 3.536E 00

90 I.148E 00 1.428E 00 1.641E 00 I.847E 00 2.234E 00 2.8C3E 00 3.560E 00

100 1.033E 00 1.319E 00 1.546E 00 1.7714 00 2.117E 00 2.604E 00 3.239E 00

KV CR' FN# FE+ CC' HV NJ* CU4 ZN*

IS 8.594E 00 9.2251-02 O.OOO 0 O.OOOE 000 20 8.522E-02 ?.056E 00 5.552.o02

20 9.152E 00 1.3036-01 1.160E-01 1.009E-01 25 4.970E 00 7.969E 00 5.ZOE-OZ

25 9.410E 00 6.603E 00 6.09SE 00 5.514E 00 30 6.263E 00 0.766E 00 $.ISLE 00

30 9.3q7E 00 7.728E 00 7.408E 00 e.8701 00 35 7.451E 00 9.429E 00 6.241E 00

35 9.116E 00 8.336E 00 6.335E 00 7.907F 00 O0 8.388E 00 9.916E 00 7.282E 00

40 8.617E 00 6.462E 00 8.812E 00 8.7431 00 45 9.005E 00 1.022E 01 4.146E 00
45 ?.986E 00 8.247E 00 8.896E 00 q.12o 00 50 9.306E 00 1.034E 01 8.792E 00

50 T.304E 00 7o.4?E 00 .70E 00 S.1C8E 00 60 9.219E 00 1.020E 01 9.410E OG

60 7.1 4E 00 6.8818 00 7.951E 00 8.?31E o 70 8.670E 00 9.664E 00 9.37E 00

'O 55,9,gE CO 6.742E 00 7.072E 00 7.988E 00 80 ?.987E 00 4.919E 00 8.99E 0C

80 4 .7:53E 00 5 .?40E 00 6.862E 00 7.199E 00 90 ?.878bE OO .83 00 8.499E 00
90 4 .567E 00 5.058E 00 6.04BE 00 t.993F 00 100 7.109E 00 ?.84E 00 7.900E 00

1OO 4.101E 00 4.582E 00 5.412E 00 6.292f 00

Accuracy: These theoretical data should be qood to ±20% except near

thresholds where they were somewhat worse.

Reference: The above data were taken from R. F. Reilman and S. T.
Manson, Astrophysical Jour. Supp. 40, 815 (1979).
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Tabular Uata D-1.20

Photoionization Cross Section for Na+

Threshold values of a (Ne it, 
2
pO Ne it, SL,) in megabarns.

S,L, E(S,L,) 
2
po..3p 2pO, D  

2
pO.,Is 

2
p,o rp0 'P'.-

1 PO Total

'P 0.0 5.80 - - 5.80

'D 0.2326 4.52 3.58 - - - 8"10
IS 0.5051 4.91 3.17 0,48 - - 8.56

'P* 1.8614 4.15 2-71 0.47 0.48 - 7.80

'p' 2.6350 3.40 2.14 0.38 0-45 0.07 6.43

)L t&)

300 275 250 225 200 175 15,
T-- - T - T TT -" . . . .

3
p 'D Is 

3
po 

1
pO

3d" 2d6' Dp'
2
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2
p

2
S 3p''

150 -1/ 4d5
"
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50

0 05 10 15 20 25 30
(klNe M 'P))

2 
(Ryd)

Gra ph i c al1 Da ta D- 1 .2 1 Photoionisation cross section of the ground state 2Po of Ne It. The averaged value

obtained by numerical integration over the resonances 3d", 5d' and 6s' is 6.37 Mb.

190 180 170 160 150 140 130 120T T ~ r TT

1 d' <0 L2pO ,P 2
D  

2
. ...

Id
60 I

41' p
N 6 0 .. ... .

2~ 0
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k Ne rg !,o I j yj I

Graphical Data D- .2 2 Photoionisation cross section of the ground state 'P of Ne ini. The averaged value

over the resonance 5d' is 3.95 Mb and the averaged value over the resonances 8s" and 7d" is
4.75 Mb.

Reference: The above theoretical data were taken from A. K. Pradhan,

J. Phys. B 12, 3317 T1979).
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Iabuar [Data D-?. I

Photoabsor)tjon and Photoionization Oscillator
Strenqths (Cross Sections) for H,

1"' 0 ¢11 ) % 1( 10 1 I 1"10 :CVA

Ah.,rp.,nt If: Absorpnont 1I1 Ah..rpiont II

10 0 1, 21" 6 91; 6 2 441 (99 (1 X9
I) ( 1h 2 1 42 )(l4 0 71

I I 1( 22 ',S 54( 44 071 063
I 1 766 2 4 92 4 2 46 065 05x

12 20, 24 4 AS 430 4 061 054
12 (41 2 3' 3 X I 0 04 042
110 12 2I 34q 342 S2 ("41 036

211 27 124 3I1 54 )19 r 4
140 149 28 289 281 56 02 028

141 1 K 29) 268 2 58 033 02
I I o ( lo 246 235 W0 024 (20

5 b? 4" A1 227 15 62 023 020
1 11 17 86 32 206 93 64 023 ((20

16 S ION 9 '4 1.3 1 0 1 '6 66 021 0)8
170 In 1 961 14 1 72 158 68 09 017
175 958 96 1 5 1 55 1 16 70 016 014

ISO) 9S1 I9) 36 I 39 1 Is
is •  25 8SO 3 1 31 114

190 785 797 38 1 29 104
9 S 725 741 39 1 10 094

Peference: These data were taken from C. Backx, G.R. Wight, and
M.J. Van der Wiel, J. Phys. B 9, 315 (1976).
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PhototfraimII ta t ion RP ti o, t( t, 1! tid

HI 1 tt' 1" W: 1 " ,H 1) 1). 11 I 1 1) 1)

1 ,%t 10 • i , !( 1 I 'Al I , loI I I Il "i -1\ lo " 16 I l ;

I nl Ui21, 22 U 21)4 I(1O 6 4I 444 2 S

Ik"2 V2 (29 222 1 4 1, (I 9 01

I(I I (I I l 2 4 I Y T, 911 4 0).

Is6 III) 1 " l 21 i91 US f '-

1(4 2 I~ I t S 1 -u52 Y) 92,
194 1 S9 Y 41 2.4 20 ( 4 9 t9 , I

196 'U U6O ( 2 1 6 221 ( 7 0 ~ 79>
19x I m, ((4? 21 2(l ( 76 19 9 74 ( (W4

20-0 ,-2 0(41 24( 2il (X 0 7 4A1 9 94 92

202 191) (M 242 1 9% 005 4" 12 1 1 1 4

204 (94 ('4 244 21(W 061 So I 1A6 II

2loo 1 ()iN) 246 22 ()9q S I 4 1-

206 I 5 (1
,  

245 221 S16 NI I(I 114

21 0 1 56 062 2 ,l 2(W. 00 6 144 I1'

21 2 xS (M 2tU 221 094 70 17 6 14o

214 (94 (161 2 24. 12
216 92 (4Th 2(1 2' 1 56

21 S 42 1 " 29o 19 Y. I

Reference: These data were taken from C. Rackx, .R. Wiqht, and
M.J. Van der Wiel, J. Phys. B 9, 315 (1976).
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Graphical Data D-2.9

Theoretical total and partial photoionization cross sections of
F for production of various states of F,,+.
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Photoabsorption cross section of Co.
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Quantum yield of ionization, , for CO.
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Tabular Data D-2.12

Branching Ratios in the Photoionization of CO

En'rg Io.ks Electronic stcate of CO' Oscilltoh,r.sfrcn iih
I> t" I -Afi .fur total

X
'

21 AI I B 
2

' C"
.  

14' 2E 0 2.% I ph olabhsorption,

(eV)-]

18 50 50 0.231
19 44 56 0.215

20 41.5 58.5 0.213

21 34.0 57.4 8.6 0.218

22 29.8 60.1 10.1 0.219
25 33.0 51.0 16.0 0.210
27 27.7 48.0 19.2 5.1 0.203
30 23.5 46.0 26.5 4.0 0.171
33 18.9 47.3 29.8 4.0 0.154
35 17.2 43.8 28.8 3.4 6.8 0.142
38 15.7 45.9 27.4 3.1 7.9 0.129
40 15.8 46.5 26.5 2.7 8.5 0.122
42 14.5 44.2 23.8 2.4 6.7 8.4 0.116
45 14.7 41.0 23.0 2.9 7.0 11.4 0.110

47 15.2 39.8 22.8 2.7 7.0 12.5 0.103
5) 13.0 39.6 24.2 2.8 7.0 13.4 0.097

Note: Partial oscillator strengths for individual ionic states
can be obtained from the product of the branching ratio
(given in %) and the fo value given in the last column
of the table. Oscillator strengths in (eV) -I can be con-
verted into cross sections in Mb (10- 18 cm2 ) by multiplyinq
by 109.75.

Reference: The above data were taken from A. Hamnett, W. Stoll, and
C.E. Brion, J. Electron Spectrosc. 8, 367 (1976).
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Graphical Data D-2.13

Partial photoionization cross sections and branching ratios
for production of various states of C02

+ in the photoioniza-

tion of CO2 .
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Graphical Data D-2.14

Photoabsorption cross section of CO
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1u0' *.t i 'ti,)l Phntinniz, tin Oscillator
(ro,-, Swctions) for CO

\I,.'.,. . , 211,,.h .'' I, _ - -I - -- I .' \"I

I2 1 44

S5)21 32 15

'4 '- Cl 1' 1 2 1' 2 ,

1)'44 14 ) 1 2 7t,

' 9 ,1' 141(1 2 34 1 I 2 1

- 9 44 14 I2 2 1' 1 118 26 9 7

2S 2 1 17 69 31 2. I3

29 8i 12 9S 3 Th 56 25 9V

7 40 12 5 P 33 2 23' 2 51

I1 1t' 22 1 1, 171 24 "l
42 41 1111 1 t71 1 98 24 69

14 1(1 (62 3 81, ) 24 15
. 24 I3 33 14 3 14 24 15

62" 1(115 312 312 22 32

4(, 851 882 :61 2 81 211 06
41 5 911 8 19 19( 3n04 19 (14
42 5 41 75 1 81 2 89 18 (14
44 4 89 6 8, 1 63 2 93 16 31
4f. 4 14 642 119 299 1494
4h 4 14 5 1, ii 3 69 14 76

4'' 5 61 30 363 1449

8 38" 4 89 115 446 14 4"
1I 34 4 74 1 2( 4.6(1 1394

356 4 3t, 132 3.84 13 21

1, 17 384 1.20 3 73 12 (3
2 331 .11 374 11 02

Norte" MET refers to multiple electron transitions.

Peference: These data were taken from C.E. Brion and K.H. Tan, Chem.
Phys. 34, 141 (197,R).
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Tabular Data D-2.16

Photoabsorption and Photofragmentation Oscillator
Strenqths (Cross Sections) for CO

[ I.rrg, lhnIsan )l3 ,'sL~,, vrrngth o 1o eV 

ab .,rrh.L, C(Y0 CO" O" ( '("
8bpi ('-,M50

9 05

1 4

0 37 01' 0 12 3 0
S P2 48 3 097

14 0 19 52 0 9 80
1V } (63 24 3 15 2
16 069 28 5 19.5 0
I' 081 330 264 005 0
18 093 306 28 I 0.05 (.03
19 l 05 320 33.0 0.11 0 15
20 1 02 32 0 31 7 0.05 062
21 1,02 32 5 31.5 027 1.10

1- I01 32 3 307 0.38 1.2423 1.03 30 4 29.2 041 1 38
24 105 2' 8 26 7 0 77 1 46
25 101 27 8 25 0 0 i1 ( 6026 1 02 27 1 23.8 1 62 1.88
27 095 268 21.1 2.22 I 94 0
28 098 26 4 20 6 2.90 2 15 0.0429 096 25 9 193 311 2 27 002
30 09f, 25 8 18 8 3.26 249 0 13
31 095 25 2 I8 5 3 11 2 57 02432 0 Q9 23 6 17 7 294 2 65 044 0 0233 0(9 23 3 164 2.69 262 0 72 0 0234 ( 03 22 9 166 2.78 2.93 1 13 001
33 1 03 22 0 15 7 2.59 2 97 139 036 0.99 22 3 150 2.34 307 1.36 001
37 102 21 6 147 2.35 3 15 1 70 -00338 I 02 210 142 214 3.23 3 79 -00239 101 20. 1S.I 2..01 3.1M9 115 00240 0 9( 20 2 12.9 1.83 2 97 1.61 0.0241 I 0, 19 4 13.0 1.76 2.95 .53 0 06
42 1 01 18 6 12.8 1.66 2 78 1 41 00'
43 094 179 11.6 1.50 2.37 I.18 00744 1.00 170 I1.9 1.48 2 31 1.16 01045 09h 164 11 3 1.41 2.16 1.09 0074t, 1.06 35 8 11.1 1.42 2.07 1.09 0 104' 094 15.2 10.0 1.29 1.90 0.96 0.07
48 098 15 3 104 1.33 2.07 1.07 01049 09' 146 9.63 1.34 2.03 05 0 0950 098 148 9.48 1.46 2.24 1.20 009
51 099 14' 9 36 1.56 2.38 1.25 00952 099 4 3 90 1.56 2 48 3.33 0 025 1 3 2 7.85 3.61 2 45 I35 0II
56 094 12 9 7.35 148 2.53 1 41 0 13
58 I 01 12 i 6.75 153 2 58 145 0 16
60 09f 11 6 599 1.34 2 30 1 30 0 1462 1 01 10.0 5.44 1.16 2.09 1 16 0 1564 10 n! 907 4.93 3.10 1.89 1.03 0 1166 [I 001 8 78 4.62 0.99 1.84 0.99 0 12
68 1'001 841 463 096 1 77 094 0 1270 1 0))1 7 82 4.30 0.91 1.67 088 0.06
72 1 001 7.82 4 09 0.86 1.62 0 81 00974 1I (0j 7.02 3.79 0.80 1.53 081 0 1076 (1001 663 3.56 0 73 1.47 0.77 0 1178 [I 001 6 30 3 30 073 3 47 0.74 008sO I I 00] 602 3.16 0.68 1.40 071 007

o0l~* ClO1
j 

l c 10975 df/d/ e

Reference: These data were taken from A.P. Hitchcock, C.E. Brion,
and M.J. Van der Wiel, Chem. Phys. 45, 461 (1980).
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Quantum yield of ionization for CO
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Tab)ular Data -Z. 19

Photoabsorpt ion and Partial Photoioniza'Lion Oscillator
Strengths (Cross ectiors) for N 0

I tr o, i I l, lator trenglh 1 2  V- )  1A
- -- -- ,,b f ! w nII

\,%B 211 ( 24 eV Ii rI \11 T I V

2 22 18 24 41 46

4 S 15 21 63) 80 i

14 h0 1263 9 02 t oX

I I tt, 8 34 8 67 5 i)

I () 5 i 6 8 832 7 03 98

4 '6 568 8 07 6 28 21) 89

24 5 44 7 73 6 (0 2861

1 ') 5 10 7 65 4 54 85 85 2 34

". 4 92 711 4 37 1 64 1 64 27 13

7 4 88 7 06 4 35 1 36 1 36 27 15

4 51 690 397 1 86 1 86 26.51

, 4 4 97 6 8(0 366 I 82 1 82 26 15

"i .X s,, 4 , , 6 72 363 1 81 2 12 25 88

S , ,ii 4.56 633 354 1 52 2 28 25 33

'4 4" 3 72 6.20 372 1 73 2.72 24 78

34 3 )2 5,40 302 1 )8 3.1)2 21 59

' )9 2 95 4 33 2,75 1 18 295 1968

4h 3 i5 2,81 411 261 0.75 299 1868

41 6.25 2.32 3.75 2.50 1 43 3 22 17 86

42 6 16 264 3.52 2.63 106 2.82 1759

44 526 2.20 3 39 254 0185 3 56 16 95

O , 8 2 22 3.)2 2 38 0 95 3 17 15.85

14 2 02 2 65 2.33 ( 62 3.43 15 58

4 6o 1.6 267 2 (i8 0 59 386 14 85

4 44 186 243 2 15 0 57 3 43 14 31

4 1. 1 51 2 o2 2 0.97 372 1376

6t 1 t' I 55 2 20 1 69 0.52 3.88 12 94

" 22 1.15 1 95 1 60) 046 3.67 11.48

t25 098 1 75 1 42 066 3.83 10.93

d '11 .

Note: MET refers to multiple electron transitions.

Reterence: These data were taken from C.E. Brion and K.H. Tan, Chem.

Phys. 34, 141 (1978).
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Photoabsorption and Photoionization efficiency ot N20
and C02 .
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Tabular Data D-2.23

Photoelectron Branching Ratios (i) for Various States in the
Photoionization of N;,O and CO2

Photoelectr; i branching ratios T) for electronic statesof N20 Photoelectron branching ratios (%) Iot elect:onicstatesof CO*

Energy X '1 A 21 B 
2f C 2Y 24eV Total 1- nergy X 2fg A 21u+B 2 C

2
g Total

eV) MET (eV) MIIT

17 1 56 44 - - - - 21.2 28 66 6

19.0 42 41 17 - - - 22 26 65 8

19 6 41 35 25 - - - 23 30 59 II
21.2 35 25 26 15 - - 24 35 56 9

22 33 19 26 22 - 25 36 54 10
23 33 19 27 21 - - 26 36 52 9 4
24 34 19 27 21 - - 27 35 52 10 4
25 36 18 27 16 3 3 28 31 50 14 5

26 35 18 26 16 6 6 29 31 50 13 6
27 36 18 26 16 5 5 30 29 49 13 9
28 36 17 26 15 7 7 31 31 46 is 7

29 34 19 26 14 7 7 32 30 47 15 8
30 34 18 26 14 7 9 34 32 44 16 8
32 34 18 25 14 6 9 36 30 43 13 13
34 34 15 25 15 7 11 38 28 45 14 14
36 34 14 25 14 5 14 40 29 44 13 14
38 35 15 22 14 6 15 41 31 43 10 16
40 34 is 22 14 4 16 42 30 43 10 16
41 35 13 21 14 8 18 44 30 42 10 18

42 35 15 20 15 6 16 46 29 43 8 20
44 31 13 20 15 5 21 48 28 39 7 25

46 32 14 19 Is 6 20 50 28 38 9 25
48 33 13 17 15 4 22 52 27 34 8 31
50 31 11 18 14 4 26 54 24 34 9 33

52 31 13 17 is 4 24 56 27 33 10 29
54 31 I1 16 15 7 27 58 28 32 10 31
56 28 12 17 13 4 30 60 26 30 10 34
58 28 10 17 14 4 32 .. .

60 27 9 16 13 6 35

Note: MET refers to multiple electron transitions.

Reference: These data were taken from C.E. Brion and K.H. Tan, Chem.
Phys. 34, 141 (1978).

3055



404

_________ IwL __ 2

40 ....
0 ' o___-__....

20" 201.. . . ..2

200

' 0o

o.I .. , .44444 . *.

0 1 1- iote,

40•"1 te42"° +3eh 20 " "

S a lt -0 20 30 40 50 60

20 30 0 5 0ENERGY (iV)

Graphical Data D-2.24

Photoionization branching ratios for GO, and N1,O.

3056



Tahular Data D--?.25

Phntoob)lsnrption Cross Section for NO
(Units of I0 -  cm,)

(72 IS 9 60)0) 242 1 Io) 21(IS

66)) 192 575(1 242 ( l l I 6

6600 1 1( 550)) 244 900 3 A

657 S 2o 1 5>0s 242 800) 1)0)

6, 6 2! 2 S(X, I 217 70 1) 74

6 "o 2o 1 4"S (I 21o 601) OSI

6' 21 0 4s0)) 212 5)oo 11

0 ),0 214 42>0 20o 400 (}19

6Soo 226 40)11) 16 3 ) 0136

646 ' 219 37501 175 300 071

640o 21 4 A )0 15s 25) 050

6100 21 1 3251) 145 201) 068

62'0 215 300 D 132 15) 033

622o 219 275'0 12)o 989 01 (N

6190 22S 25)) 105 6 26' 0067

6111 237 225))1 6x 6 199 0010

616) 247 2(0)( 698 4153 0 )K

61)0 259 1900 635 3(M 000(1

614)0 256 Io 575 24K 01X)2)

6131) 21 7 I no 0 515 2 066 0(X)I I

611) 22S 161)o 4 '7  
I 5) 0 00)

6100 22' 1 5O)) 401 1 240 0(8XI2

60" S 22' 14))) 149) 167 0)801

NifI, 216 ) lo) 296 1 0( K H)

61)3' 232 12o0 251

Reference: These data were taken from J. Berkowitz, Photoabsorption,
Photoionization, and Photoelectron Spectroscopy (Academic

Pres-s-,- -New- -Yo-, 1979). _
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Tabular Data D-2.30

Partial Photoionization Oscillator Strenqths
(Cross Sections) for the Valence Orbitals of

HO

|nergs Oscjlajho gT~en#.1(1 Ifl e): V-i

lb, 3a I 1h, 2a,

16.5 6.06 7.4O
17.5 7.13 7 73 6.44
22.5 5.67 5.29

23.5 5 50 496 6 05
24 5 5.15 4.83 6.01
25.5 5.07 4.65 5.64
265 4.43 4.6(0 563
27.5 461 456 5.23
28,5 4.37 4,35 5 19
29.5 3.94 3 73 5.22
30.5 3.98 3.79 4 73
31.5 3.89 341 460
32.5 392 3.31 4 34
34.5 3.26 2.96 343 0.96
36.5 3.37 2.70 3 00 0.96

37.5 3.13 2 59 2 73 1 02

38.5 2 91 2.60 2 72 0.86
39 5 3.115 2 55 2.44 0.86
40 5 2.78 2.32 2.58 0.92
41.5 268 2 15 261 (.77
425 2 71 2 30 2.09 0.85
43.5 2.61 2 18 1.97 0.90
44.5 2.35 2.04 2.12 0.93
455 2.27 2.09 1.98 075
46.5 2.18 1.87 1.88 091
47.5 2.12 1,86 1.78 0.88
48.5 2.14 1 76 181 0.81
49.5 2.08 1.80 1.61 0.82
50.5 1 91 1.80 1.62 0.87

51.5 2.01 1.82 1.46 0.79
52.5 2.1! 1.66 1.42 0.89
53.5 1.72 1.34 1.50 0,87

54.5 1.62 1.62 1.37 0.76

55 5 1.57 1.49 1.34 0.84
565 1 60 1.47 1.32 0.64
575 1.45 1.49 1.24 0.80
585 1.51 1.40 1.31 0.68
60.5 1.32 1.22 1.31 0.87

a),(0 10 -1 cm
2  

10975 df/d. (eV- 
1
.

Reference: These data were taken from K. Tan, C.E. Brion, Ph. E. Van

der Leeuw, and M.J. Van der Wiel, Chem. Phys. 29, 299 (1978).

3062



4 ,' H20 H'0

IP-
j 30

P1 3h±A 0  , /4 ....- ' - " ". .

lb2

: -
$  

. . . .. .Photoabsorption oscillator trength of Hf20.

2c -0~ 2

C
I 

IC' 20 30 40 50 60 70
ENERGY (eV)

,,• .., A B- , ..,e..... .c.. .e", e c. .

Phorolonisation branching ratio' for formation of dcLL- 2 -

ttloiL stites of l120'

202

V4 - " .. ... .....

,,o, . . or.EN R Y e

H0"
- Po 0

Q 2C

OH

" O- " % %o-.,M ;- o

/ IL

Van. der.. /E NE RGY (eV)o-
- - ' -  

" o
10 20 30 40 50 0

Partth(n of total oscillator strength for "-ni~am E ER Y eV

over molecular and frapi-nen ion forrmation ta) (ontrlhutiOn,E E GY(v

to H20' Ib) Contrlbution. to O11'and W1 from the lb 2 state I factional abtindad .'e' of" the fragment ions formied

,.)Contribution', to W" and O" from the 2a, siah.' froln rhotoionisation of H2O0.

Graphical Data D-2.31 Spectroscopy Data for H2 0.

Reference: These data were taken from K. Tan, C.E. Brion, Ph. E. Van

der Leeuw, and M.J. Van der Wiel, Chem. Phys. 29, 229 (1978).
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Graphical Data 9-2.34

Photoabsorption (i) and photoionization (-i) cross sections for
NH-.
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Tabular Data D-2.37

Photoabsorption and Partial Photoionization Oscillator Strengths
(Cross Sections) for NH3

Energy(e V) Oscillator Strengths (e V-') e Absorption

3ai le 2a- dfo/dE,

15 0.065, -- 0.303
16 0.065 - 0.315
17 0.063 - - 0.312
18 0.062 0.193 - 0.298
19 0.057 0.234 - 0.291
20 0.055 0.217 - 0.272
21 0.052 0.209 - 0.261
22 0.049 0.196 - 0.245
23 0.050 0.183 - 0.233
24 0.048 0.170 - 0.220
25 0.048 0.154 - 0.202
27 0.047 0.133 - 0.180
30 0.041 0.111 - 0.152
32 0.036 0.093 0.006 0.135
34 0.029 0.079 0.013 0.121
36 0.026 0.070 0.013 0.109
38 0.026 0.065 0.011 0.102
40 0.021 0.056 0.010 0.087
42 0.021 0.047 0.011 0.079
44 0.017 0.044 0.011 0.072
46 0.017 0.039 0.010 0.066
48 0.017 0.032 0.010 0.058
50 0.017 0.028 0.011 0.056

Totai ,rption oscillator strength
df'/dL or 3a, can still be computed below 19eV where i,< I from the raw data using dj'/dE and

the ionization data where q, I.
Partial ionization cross-sections (Mb) may be obtained by multiplying by a factor 109.75.

Reference: These data are from C.E. Brion, A. hamnett, G.R. Wight, and
M.J. Van der Wiel, J. Electron Spectrosc. 12, 323 (1977).
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Tabular Data D-2.38

Photoabsorption and Photoionization Oscillator Strengths
(Cross Sections) for NH.

fPo) 1eV 1 Fragment N H* ( j
Energy
(CV) Absorption NH, NH' NH' N' H'

10 0 110
II 0204 006
12 0204 0-087
13 0162 0"083
14 0240 0091
15 0303 ) 121 o
16 0"315 0137 24
17 0312 0114 I0W
18 0-298 0101 158
19 0-291 0 I(X 170
20 0272 0.09 173 o 2
21 0261 0096 168 02
22 (Y245 0O090 164 02
23 0233 0085 164 02 05
24 0220 0.081 163 03 08
25 0202 0.075 167 12 2
26 0192 0-074 161 21 I1
27 0180 0-068 154 4.4 30
28 0166 0065 156 55 02 52
29 0 162 0"059 158 68 0 3 69
3 0-152 0057 153 77 05 94
31 0141 0-054 154 85 07 97
32 0135 0050 148 88 1 0 11.6
33 0127 (048 146 92 1 2 126
34 0121 0-045 145 98 1.7 144
35 0110 0042 146 II 1 22 171
36 0-109 0039 141 10-6 19) 11 5
37 0"105 0"038 142 118 2 1 179
38 0102 0-036 141 120 2 2 194
39 0092 0-033 141 128 20 20-5
40 0087 0032 13q 133 25 247
41 0086 0-030 141 140 3 1 23 5
42 0079 0.029 138 144 2 7 258
43 0-075 0027 137 14.9 28 27-3
44 00-2 0026 136 154 30 288
45 0069 0024 139 16 7 3 2 324
46 0-066 0"023 136 163 34 307
47 &062 0.022 137 17I1 34 31 4
48 0-058 0-021 115 177 3.3 3) 3
49 0-059 0-020 136 194 38 342
50 0"056 0-019 135 192 38 400
51 &054 0018 133 198 44 379
52 0053 0017 133 193 40 38 2
53 0-051 0017 134 21 3 43 41.0
54 0-049 0016 132 21.4 42 389
55 0045 0015 136 21 1 4 5 466
56 0-044 0015 132 21 X 50 430
57 0041 0014 130 24 1 5 3 449
58 0039 &013 129 22 5 5 5 460
59 0"039 0013 131 250 5"6 494
00.G02 0012 129 232 5 7 492

Note: o(10-
11 cm2 ) = 109.75 x f" (eV-1)

Reference: These data are from G.R. Wight, M.J. Van der Wiel, and
C.E. Brion, J. Phys. B 10, 1863 (1977).
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Tabular Data )-?. 39

Photoelectron Branchin(j Ratios ( ) fn

State in the Photoionizat iaon ri

Energy (e I) 3aj Ie 2a

18 24.3 75.7

19 19.5 80.5

20 20.1 79.9

21 20.1 79.9

22 20.2 79.8

23 21.3 78.7

24 22.6 77.4 --

25 23.6 76.4 a

27 26.3 73.7 a

30 27.2 72.8 a

32 26.4 69.2 4.4

34 23.6 65.3 11.0

36 24.0 64.2 11.7

38 25.4 64.2 10.4

40 24.1 64.1 11.7

42 27.2 59.0 13.8

44 23.4 61.4 15.2

46 25.6 59.0 15.5

48 28.8 54.4 16.7

50 29.6 50.8 19,6

a Not measured.

Reference: These data are from C.[. Brion, A. Hanett, (P. Wi aht, nd

M.J. Van der Wiel, J. Electron Spectrosc. 12, 323 (l977).
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TiIu I r Pata -. 1

Photoabsorption Cross Section for CH,,

AIA hf~ ) I , i lh I

216 oItI 425o 160
11 4 (1 S'i) 4lO) 18 6
4)96 1 06 47S 0 21 0

444 ()0617 SWI) 232

64 IS () 146 25 0 25 2
"I 2() S )O 2S )
6,1 98 11276 ,75) 103

I I Ix6S 0 5 ) 6 1 ) 0 1 ()
1 1) q) I1 1)49 625 0 34 5

164 H) I 512 6O0 36 0
190 1 21 1') o7l O I (

261) 4 11 7(X) () 40 0
725 0 440

276 535 SOI)) 460

11) 69 715 0 465
I S) ( S ,x1A0 0 U 0
o(I 12 X251) 460

-S1 121 8500 490

41X11) 141) 6750 5 0

9))0 51 0

925) 510

9S)0 47 5
'175)) 41 5
9651) 6')))

Reference: These data were taken from J. Berkowitz, Photoabsorption,
Photoionization, and PhotoelectronSfpectroscoy (Academic
Press, New York, 1979T.
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Partial photoionization oscillator strengths (cross sections) for
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ionization of CH,,.
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Photoionization cross section of CeHc for production of C6 +
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Graphical Data D-2.57

Cross sections for various emissions from HCN photodissociation.
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Graphical Data 9-2.58

Photoabsorption cross section of HCN with the positions of various
electronic states indicated.
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Photoabsorption cross section of HON0 2 (nitric acid)
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Graphical Data D-2.63

Photodissociation cross sections for three trimethylbenzene isomers
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CraphicalI Data D-2.64

Relative photoabsorption cross section of Br., decomposed into
X-B ,X.A ,and X ~T
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Graphical Data D-2.65

Relative photoionization cross sections of CO, for production of
various ions.
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Graphical Data D-2.66

Relative photoionization cross sections of N20 for production of
various ions.
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Relative photoionization cross section of SF6 for production of
various ions.
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Relative photoionization cross section of CH-,OH for production
of various ions.

3100



00

4 0

z 0

0

Z z

0 r~

U C

C :A)N"4)I NOD N341P011O t-01f O~ AIY 3 A ~ -'

S-

000v 4--

z'*

Z

000
Z z

o 0i

0 0 o 0 0 0 5o 0
S.-

0C.

a______(4-

3100



E WV) E(oV)

91 966 9762 9640 "Si 9996 0060W %6W t Se 9 9040 9"6 29"

C,Y4 CH 3 h, Cmc0CMH * C03OCoO,t- Co c0 ..

0 UG 930-17 0l 20 660-1100 4

jP.964t006~d P.969±0006# *

rm 10 17 2 25 20 1M '9 260 IZVO 1260 '250 1240

Graphical Data D-2.71

Relative photoionization cross sections for CH3COCH3
and CD3COCD3.
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Relative Photodissociation cross 
section of 02.
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Graphical Data D-2.73

Relative photodissociation cross section of CFBr+ CF. + Br.
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+ ++Relative photodissociation cross section of CF31 - CF3+ + I.
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Ar2 calculated at R 4.8a
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Relative photoionization cross sections for various dimers (clusters)
of CHCOCH I and CD 3COCD,,
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Tabular Data D-3.5

Photodissociation Cross Sections of Ne, + , Ar2  Kr2
and Xe,4 Dimer Ions

A(A) Ne'. A r2  Kr 2  Xe2

5309 < 0.012 0.033*0.004 0.028*0.005
5208 < 0.028 0.026 * 0.006 0.022 ± 0.004
4825 0.024 ± 0.012 0.100 *0.014 0.102 *0.011
4762 < 0.1) 0.035± 0.018 0.122±0.013 0.147±0.016
4680 0.082 ± 0.022 0.203 t 0.022 0.244 * 0.024
4579 0.130*0.012 0.39 *0.03 0.64 *0.03
4131 <0.09 1.05 ±0.10 3.18 * 0.28 5.50 *0.55
4067 1.60 ±0.17 3.63 *0.37 7.32 *1.33
3569 1.93± 0.20 13.3 * 1.1 24.8 * 1.9 29.6 ± 2.0
3507

Note: Ne2
+ and Ar2+ were measured at 10 Td, and Kr2+ and Xe2+ at 20 Td.

Reference: These data were taken from L. C. Lee and G. P. Smith, Phys.
Rev. A 19, 2329 (1979).
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Photodissociation cross section for Kr2
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Partial photodissociation cross section for HeH + by electronic excitation
from the vibrational level (a) v o and (b) v = 8 (with j 1).
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Partial photodissociation cross section for HeH + by vibrational excitation
from the vibrational level v 8 (with j 1).

311/



D-4. PHOTODETACHMENT, PHOTODISSOCIATION, AND PHOTODESTRUCTION OF NEGATIVE

IONS

CONTENTS Page

D-4.1. Photodetachment Cross Section for 0- Placed on an Absolute
Scale by Normalization to D- and 02............................... 3119

D-4.2. Photodetachinent Gross Sections for OH- and 09- Measured in
02 and He .................................................. 3120

D-4.3. Photodetachment Gross Section for 02- Placed on an Absolute
Scale by Normalizing to D- and 0 ............................. 3121

D-4,4. Photodetachinent Cross Section for Thermal N02 - and NOK*.H20 . . .. 312Z

D-4.5. Measured and Calculated Photodissociation Cross Section for
C2....................................................... 3123

9-4.6. Photodissociation Cross Section for CZ2 ...................... 3124

D-4.7. Photodestruction Cross Section of 0,-, the Predominant
Process Observed is Photodissociation into 0- + 02............... 3125

D-4.8. Photodestruction Cross Section for 0 . ........................ 3126

D-4.9. Photodestruction Cross Section for 0 . ........................ 3127

D-4,10. Photodestruction Cross Section for O<.-NO..................... 3128

D-4.11. Photodestruction Cross Section for 02--H2O0....................31Z9

D-4.12. Photodestruction Cross Section for O,<.H 20 .................... 3130

0-4.13. Photodestruction Cross Section Upper Limits for N02-, N03-1
02* NO, and Hydrates ........................................ 3131

D-4.14. Photodestruction Cross Sections for Cz2-, CzO-, CZ3<, and
Br CZ2 ...................................................... 3132

D-4.15. Photodestruction Cross Section for CZ0 ....................... 3133

3118



PHOTON ENERGY (eV)
15 17 19

0 +4 liv - 0 + a-

5

-/ VS D
SVSD- Present

" Branscomb et at

0[ T

0 IT TTI l , i 1 • , , , 1

8500 8000 7500 7000 6500
WAVELENGTH (A)

Craphical Data D-4.1
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Photodetachment cross section for thermal NO2  and NOJ H20.
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Photodestruction cross section for 02- .NO.

3128



PHOTON ENERGY (eV)
2.0 2.5 3.0 3.5

0. H20 + hu - Products

0 Present

2 4 Cosby et al.

z 4 Vanderhoff
0
I.-

C-)

co
-0"

0
7000 6500 8000 5500 5000 4500 4000 3500

WAVELENGTH (A)

Graphical Data D-4.11

Photodestruction cross section for 02-. H2 0.

3129



PHOTON ENERGY (@V)
2.5 3.0 3.5

8 - HP2 + hv- Products

E Present
-~ - Cosby et al.

4 B4
08000 5500 5000 4500 4000 3500

WAVELENGTH (A)

Graohical Data 0-4.12

Photodestruction cross section for 03-.H 20.

31.3



Tabular Data D-4.13

Photodestruction Cross Section Upper Limits
for NO-, , NO, , O .NO, and Hydrates

E Xe X (Al) NO, NO, . 12O NO; No0 '112C o• NO ; NO H20

1.503 8250 , .0d7 <0A72

1.653 7500 0.041 u. U36

1.746 7100 0 0. 054

2.335 5309 <0.029 <0.014 <0.011 <0. 10

2.381 5208 0. 023 *0. 009 <0.026 <0.054 <0. 10

2.569 4825 < 0.046 <0.075 <0.22

2. 603 4762 < 0. 095 < 0. 092 0.12

2.649 4680 <0.071 <0.106 '0.16

2.708 4579 < 0. 045

3.001 4131 0.16t0.03 '0.074 <0.10

3.479 3564 1.23*0.16 0.10t0.03 0.41 t0.08

3.535 3507

Reference: The above data were taken from G. P. Smith, L. C. Lee,
and P. C. Cosby, J. Chem. Phys. 71, 4468 (1979).
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Tabular Data D-4.14

Photodestruction Cross Sections for C9,-,
C.O , C. , and Br Cv-

Sc(CI"' b rCPI

35. 1 i 3.ii 3. 06 0. 32 .72 #. , 3. 29. U, 2

4(1,. 14.9 - 1.1 3.49 '0. 82
4131 10.. U.4 3, 64 0.30 .- U. o7 0.94 U. 20
479 3..55 .o.4
4,.-, 2.41U.2b 2.77 0.32 0.3 U.30, u. 12
47(2 1.64-0.19 1.75 0,25 0.24
471(' 1., , U. 20

4s2T 1.46, 0. 1 1.44 0.24
49 ' 1. 19 U. 15 1. b2, U. 27
4!, 0, 99 U . 12
514o 0,43 ,0.006 0. 2 0.32
52j0 0. 39 0.05 0.60 0. 11 - ,14
5' 0. 2, , U0 3 U. 44 U0. 0. 1 •
5t,' 0. 11 , . 05 0. 23

6471 0.25, 0.03 U. Il 0. O ' 0. 02 * ,03
1,764 0. 37 0 0. U4
725 0. I 0. W U. U1

Reference: The above data were taken from L. C. Lee, G. P. Smith, J. T.
Moseley, P. C. Cosby, and J. A. Guest, J. Chem. Phys. 70,
3237 (1979). "-

H t2



14 41

* , +ion fro.-



E . TKANSPORT lROI ERT IES OF ELECTRONS, IONS, ANI) NEUTRALS IN GASES

CONTENT'S

Page

E-i. Transport Properties of Electrons .............................. 3136

E-2. Transport Properties of Ions ...................................... 3142

E-3. Transport Properties of Neutrals ...............................

(No new entries here.)

See Chapter E in Vol. II and Chapter E in Vo]. V for data.

3134



ANID N ITTRAI-S IN (A

Cco~i-i 1 ' cele

P.Alli.-, lMotions (.f Ions- and Il~lcctrcns , 'in S. igo
(id) 'invcloedOof l'V is -Vol XXI , Ilectron

llk05 ~fl, 0 lisehorges I,"' pg. '38'3, Slpringer-Verllg,
hcerlIii (1I W5) 

(. . I1. Ba re !I t , E . V. "IcDanielI , 1I. W. 'I I s, t I.,
"bl1B1ioirapliv of Atomic and "lOICIke ior 'rocesses", (1950-1980),

110k Ridge,, Niitjonojl Laboratory , flatk Ridge , fennessee.
totego i odaccording- to k ind ot 1 lis ioO , process s, or

p ro pe r LV .In format ion concerning procurement oa.IilohIc f rom
I). 1I. Crandall, 1'. (). Box X, Bldg. 6003, Oak Ridge Natijonal
laboratorv, Oak Ridge, Te'nneCSSee. 37830.

L. (;. Chr istophoron , 'Atomic and Molecular Rod tat ion Pliv's ics,
C illey, Nov. York (1.971).

F-. W. McDaniel , "C)li sion Phenomena in Ionizecd (Gase'sCic
Nev York (1964).

Ac~~ 1<0 c~ec t i, a plcneasurc- to awknowlcdcge the cXper t h1C] p

of Pr fessor Flarrv E. RI 1is, in tie. preparat ion of this Chapter.

3 13 5



I . I'RANSPIt I'RO'IK I VS O0 1 I.llIWN

(O') 1i:N'is'

i i o d e t ion i ......................................... 31 57
IH I,/ tr Ft'u . 31-32. . . . . . . .o ,. . . . . .. •. . . . . . . . . . . . . . . . . . . . . . . . . . , . . . . . .

US I 1-I o o S Iources of LI ctroll Mob ) i 1i : I)b i ;otN I'IFr.. t ,t[ o ( 11

Prcviote; Volume . 3 3

.l , i-I. . SEoorct: i l~loctrott I)it i i I;i )tu >ot, ci. il' iii
-i i~. tiin - I lo s ] 1- I..... .................................... 3140

1) , , I F l t w 1), i; u In fn l Ii- ol 1); t;I l

P r c i o . .. .I ........... ......... 3

. . . . . . .. . . .. . . . . . . . . . . . . . . I



I ~ i I iidt I i' I ttF v 1. K

I I -cI) I 'V i ii ii In I ili i,, t: i Ih' itisi s~ t iviIa ,it li V N I

I:1 it I a iAt , i, , tri I ()' gl1 i t tI p- iv I I t tI i i ( ; I t

.) iIt Iinr .I t t) i 1 (1 -]1 1 1 t it r il i , in .1 1 t,- i ," t' i t I

1 0

I l,. iI i t tt I I ' 0 -On n s c r i r i s; t I N Itit v i
t i, : i i t v ) i I t I 1iv cii elec r N (rse n - T a s ivd

w ~ l~ ri l < 1 < i l t .1 , h jl tr~ q t ('11) ,l r I' Ct loW (/ I ) tro i, I

I /' , i l I OW i o/ i i, I t h e if At ,in ( r FN dift)wiLs i on r
Ii, . ()I, I',n I t I/k li, d i f 1. Tis t e ,,s tper dil o 1 , tilto the cl(ct r ni,

1 T

q , : I I litI)1 lf- ', mp,) IIt it I h ihe lt i lt t nf icir t I I I l to til c l ect r sic

[) /K .i I[ J
I  

!' ;irt' !1le.I.uttl-s oIt tilt ;iv/'lr;ti-,c ce, ct roll energy att a given

I t I ( I lim il 1/ N - 0, 1)i D 1)T  = 1) , t he sc aIer dli Ffu's ion

c I i' t ii t;i i i zriit i ot i Io , ffi ien t Us .: Ixpr Y is t is expressed

I ti I If.I 1; I I I ; o Ii c I1121

ii Tituc Ii ;i "Iv II I at ;I given tttiiiraItifire , Vol NK , Ni I , NI),i

I , I, 11iil tfill".n lclt-, W IIU iv Ililtl te are I n t 1 i I/ I ll

tii lI I c il > ti l illi I- t- Yo net f

t u , it i> , t i iit tg,1t it i'It twas u u , l v i in I oNus

I]/N' ( (i vl1 I .tf 154 I • t ('1/1tI wIh.cI T is tit gils tciicerturt.

3137



General References

E. C. Beatv, J. Dutton, and L. C. Pitchford, "A Bibliography
of Electron Swarm Data", JILA Information Center Report No. 20,

Univ. of Colorado, Boulder, Colo. 80303. Dec. 1, 1979. 240 pages.

J. Dutton, "A Survey of Electron Swarm Data," J. Phys. Chem. Ref.

Data 4, No. 3, 577-856 (1975).

A. Gilardini, "Low Energy Collisions in Gases," Wiley, New York

(1972).

L. G. H. Huxley and R. W. Crompton, "The Diffusion and Drift of
Electrons in Gases," Wiley, New York (1974).

H. S. W. Massey and E. H. S. Burhop, "Electronic and Ionic Impact
Phenomena," Vol. 1, Clarendon, Oxford (1969).

H. S. W. Massey, "Negative Ions," Cambridge University Press,
New York (1976).

A. von Engel, "Ionization in Gases by Electrons in Electric Fields,"
in S. FiUgge (Ed.), "Encyclopedia of Physics - Vol. XXI Electron
Emission, Gas Discharges 1," 504, Springer-Verlag, Berlin (1956).

J. M. Meek and J. D. Craggs, "Electrical Breakdown of Gases,"

WileyNew York (1976).

S. L. Lin, R. E. Robson, and E. A. Mason, "Moment Theory of Electron

Drift and Diffusion in Neutral Gases in an Electrostatic Field,"

Jour. Chem. Phys. 71, 3483 (1979).

3138



T*

Table E-1.1. Sources of Electron Mobility Data Not Presented in Previous Volumes.

ELECTRON MOBILITY

Gas Est. Gas Approx. E/N (Td) Ref.

Temp ('K)

Cs 310 - 414 4 - 110 10

566 - 725 1 - 50 2

Hg 468 - 608 0.07 - 14 8

Na 724 - 862 2 - 70 8

Ti 1213 - 1273 0.6 - 15 8

Xe (high density) 163 - 288 10 - 0.2 6

CH 4 (high density) 91 - 193 10 - 4 _ 0.2 5

BF 3  300 5 - 70 1

CnH2n+2 298 - 673 0.01 - 10 7

(n = 2,3,4)

C(CH 3 )4  298 - 673 0.01 - 10 7

CCIF3  300 2 - 30 3

CH 2C1 2  300 2 - 30 3

CH 3 C1 300 2 - 30 3

C 2 H 5 C1 300 2 - 30 3

C 4 H 9 Br 300 2 - 30 3

He - F 2 MIX 300 3 - 15 9

N 2 - CO2 MIX 300 3 -93 11

Xe - CF 4 MIX 296 0.3 - 10 4

Xe-C 2H 2  MIX 296 0.3 - 10 4

Xe-CF4 -C2 2  MIX 296 0.3 - 10 4

A substantial amount of electron swarm data has already been presented in

previous volumes: see pages 717-732 of Vol. I1 and pages 2081-2108 of Vol. V.
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'ib Ic F-I .2. Sour:es of Ilectron Diffusion Data Not Presented in Previous
Volumes.

ELECTRON DIFFUSION

Gas Data Approx. E/N (Td) Ref.

He DT/K, -IN 3 - 847 1

Ar DT/K, ,/N 8 - 1271 1

CO DT/K 5 - 350 3

NO DT/K, ,/N 56 - 1412 1

CO 2  DT/K 5 - 180 3

DT/K, 30 - 5000 2

CH4  D T/K, u/N 14 - 5650 1

References to Sources in Table E-1,2.

1. C. S. Lakshminarasimha and J. Lucas, J. Phys. D 10, 313 (1977).

2. J. Lucas and H. N. Kucukarpaci, J. Phys. D 12, 703 (1979).

3. W. Roznerski and J. Mechlinska-Drewko, Phys. Lett. 70A, 271 (1979).
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ild t t, 1) t In I.:et , a ii nt/t, 11 -c t ri

K Mobi I i I ,I i ,)I d' ti m "I I,% t w , * tq .lt io)n 1d = K I. K is

winul Iv I'ypt-.>nd in ,IV /-s,'.

K Rcd l :I,,)i Iit v I I i I - M ) I I it V o i( r 'duiCed t S.T.P.,

d'It it'd b% t I (It-i.t iLo

I- -6

whWe p1 is thi gin 1 pienSnure in 1.t'rr and T is Le gas temper-

a ttre i-n dCrC' i-S KkI V'in It which K was measr ed.

171.16
P Reduced pressure '

F/N IOni e(Lrgy pVrameter = rati o of elect ric field intensi t V to

gas number density. F/N is tisnt1ly expressed in units ot

(volts/cm) / (I/cm ) = V - cm
2 .

K (0) = Zero-field reduced mobility = K in the limit F/N - 0.
0 0

Td = Unit ot E/N, the "Toiisend' = 10
- 17  V - cnf.

4

'1 0.0269 - (1:/N) • e, where vd is in 10 cm/sec, t'/N is in Td,

zind K is in 'm - /V - sec.

1)T F 0

It = '. 1 ) = ionit diffuSin tensor.

1I (Sttilar) lomuitudinal diffusion coefficient = coefficient of
diflusiot ilog elctuli' field.

It (,%,il;ar) transverse difiusion coefficient = coefficient of
diffusion tra\nverse to electric field.

In the limit E/N • 0, ) = I), = D), the scaler diffusion coefficient.

F,,r a particular ionic species in a given gas at a given temperature,

;K, NI)I. 1, NI), and the average ionic energy are functions of E/N alone.
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Table E-2.1. Sources of Ion Mobl it' Data Not Presented in Previous Volumes.

Ions in Helium

Ion Gas Temp (°K) Approx. E/N (Td) Ref(s).

H+  300 5 -60 17

D+  300 5 - 70 17

He+  77 - 700 low-field 5, 28, 30

Li+ 20 - 500 low field 16

C+  297 5 - 110 9

Na+  90 - 480 low field 32

S+  297 5 - 110 9

Ti+  300 low field 18

Cd+  526 low field 20

Cs+ 80 - 490 low field 32

Th+  300 low field 18

Ne+ +  300 15 - 90 19

Ar+ +  305 10 - 100 19

Kr+ +  305 10 - 90 19

Xe+ +  302 10 - 90 19

He + 293 5 - 40 15
2  120 - 700 low field 30

Ne+ 300 5 - 50 3
2  77 - 300 low field 8

HeNe+ low field 33

(CHn)+ 300 5 - 100 36

(n ='1,2,3,4,5)

SO2F2  300 low field 31

S02F2 .(SO 2 ) 300 low field 31

F-.(SF6) 300 low field 31

6

A substantial amount of ion swarm data has already been presented in previous

volumes: see pages 733-748 of Vol. II and pages 2109-2116 of Vol. V.
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Table E-2.1 (continued)

JON MOBIIfTY

Ions in Neon

Ion Gas Temp ("K) Approx. E/N (Td) Ref(s).

He+  77, 200, 300 low field 8

Ne+ 77, 200, 300 low field 5

Ar+  77 10 - 20 15

Xe+  303 20 - 140 19

Xe+ +  303 20 - 140 19

He+ 300 5 - 50 3

Ne + 77 10 - 55 15
2  77, 200, 300 low field 5

+

N2  300 low field 24

Ions in Argon

Ar+  77 15 - 90 15
77, 200, 300 low field 5

K+  291, 400, 460 low field 16

Ar+ +  77, 200, 300 low field 5

+ 300 10 - 110 25
H 3

ArH+  300 30 - 110 25

Ar+ 77 50 - 100 15
r 2

H30+.(H 20) 337 low field 38

n - 1,2,3

ReO 3  295 15 - 200 4

Re0 4  295 15 - 200 4

(W03)n  295 25 - 160 4

n = 1,2,3

H3O +  337 30 - 110 38
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Table [-2.I (continmed)

ION MOBILITY

Ions in Krypton

Ion (;as Temp ('K) Approx. E/N (Td) Ref(s),

Li2 low field 26 37

4- ' 5 - 500 35

. 195% - !(5, 101 fied IF,

V1  295 - 71 5

Ions in Xenon

200 91 0. F i 26
L

95s 200 - loO]rw fi ci I;V

+  300 40 230

200 - 300 low Fiell 14

?00 - 300 low field 14

ions in H drogen

+ 77, 195 300 low field 6

H -H 0 300 5 - 140 6, 13

31



fable E-2.1 (coitinued)

ION MOBILITY

Ions in Nitrogen

Ion Gas Temp (0K) Approx. E/N (Td) Ref(s).

Na+  291 low field 26, 37

0 + 300 - 640 low field 10

2

NO+  300 - 640 low field 10

CI- 340 - 470 low field 12

ci; 300 - 470 low field 12

NO- 215 - 675 low field 11

NO 3  215 - 675 low field 11

CO 3  215 - 675 low field 11

Ions in Oxygen

Na +  304 5 - 500 34

CC 330 - 470 low field 12

Cl2  300 - 470 low field 12

04 300 low field 27

CO 3  300 - 470 low field 12

SF5 300 low field 31

SF6  300 low field 31

Ions in Carbon Dioxide

Li? 35 - 350 21

307 25 - 900 34

+ 40 - 400 21

NO+  30 - 400 21
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Iable E-2.1 (corncluded)

ION MOBILITY

Ions in Methane

Ion Gas Temp ('K) Approx. E/N (Td) Ref(s).

Li+  304 10 - 600 34

SF5  300 low field 31

SF 300 low field 31

Ions in Sulfur Hexafluoride

SF5  300 5 - 140 29

SF6  300 5 - 140 29
SF .(SF 6 ) 300 20 - 120 29

SF- (SF 300 20 - 120 29

SF - (SF630)0 - 202

Ions in Metal Vapors

Ion - Gas Gas Temp ('K) Approx. E/N (Td) Ref(s).

Rb Rb 621 85 - 340 23

Rb + Rb 621 85 - 340 23

Cs - Cs 580 - 650 20 - 480 7, 23

Cs+ - Cs 580 -650 60 - 480 7, 23

Hg+ - Hg 350 low field 1

500 210 - 570 22

Hg + 500 110 - 325 22

g2
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table V-2.2. sources of Ion Diffusion Data Not Presented in Previous Volumes.

ION DIFFUSION

Ion - Gas Measured Gas Temp Approx. E/N Ref.
Quantity ( 0 K) (Td)

He - He D 293 low field 2

He2 - He D 293 low field 2

(CH) - He DL 300 5 - 100 4
n = 0,1,2,3,4,5

Na - Kr DL 300 5 - 500 3

Na+ - Xe DL 300 5 - 400 3

N3 N 2  DT 300 10 - 100 1
+D

NT N D 300 10 - 100 1
+

02 - 02 DT 300 10 - 500 1

CO+CO - CO DT 300 10 - 130 1
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2. R. Deloche, P. Monchicourt, M. Cheret, and F. Lambert, Phys. Rev. A
13, 1140 (1976).

3. M. G. Thackston, M. S. Sanchez, G. W. Neeley, W. M. Pope, F. L.
Eisele, I. R. Gatland, and E. W. McDaniel, J. Chem. Phys. 73, 2012 (1980).

4. R. Thomas, J. Barassin, and A. Barassin, Intl. J. Mass Spectrom. and
Ion Physics 31, 227 (1979).
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* , ... ,,t , t I on Transport Data Appearing in Compilations
ill! I. I \t omic Data and Nuclear Data Tables 17, 177

'1, 179 (1978)].*

M,.,1i t 1, 3-I (K)

Ar In r I I I At. II - pg. 193 lp
+  

In Ne. I - pg. 195

In H'.. I 18 I.', In (o. II - pg. 204 1120
+  

In lie. II - pg. 188

At
?
+ I" ,, I pV. 19 In ('0 2 . II - pg. 204 1130+ in He. II - pg. 188

At:+ [" Tn Ar. 1I j,.. 195 In "12. I - pg. 200 in N2 . II - pg. 201

Ar k ') t. At. II p . 105 ITn lie. 11 - pg. 187 "30+'H20 in lie. 11 - pg. 188

Ar. In Ar. 1 - pi;. 198 in Kr. 1I - pg. 196 in N2 . IT - pg. 201

ArH
+  

IT ie. I - . 187 in N2 . IT - pg. 201 1130+'21120 in He. II - pg. 188

Br- In Ar. 11 - g. 194 In Ne. II - pg. 191 in N2. II - pg. 201

IT, nb. II - . 190 in 02. IT - pg. 203 1- in Ar. II - pg. 194

C
+ 

In (ci. I - pg. 208 in Xe. II - pg. 198 in He. II - pg. 190

CH5+ in He. I - pg. 190 )
+ 

In D2. I - pg. 202 K
+ 

in Ar. I - pg. 197

C2I 2 - in ie. I - pg. 192 In He. I - pg. 184 In CH4. ii - pg. 204

CH32+ In ie. I - pg. 190 in Ne. I - pg. 195 In CO. I - pg. 207

CC In Ar. II (2)- pp.. 194 D3
+ 

in D2. I - pg. 202 in CO2. I - pg. 209

In lie. 1- 190, II- 190 F- In Ar. II - pg. 194 In D2. I - pg. 203

In Kr. II - pg. 196 in lie. II - pg. 190 In 112. 1 - pg. 202

In Ne. II - pg. 192 in Kr. II - pg. 196 in lie. I - pg. 183

in XP. II - pg. 198 In Xe. II - pg. 198 in N2. I - pg. 204

CO
+ 

in CO. I - pg. 207 H
a- 

in H2. I - pg. 200 in NO. I - pg. 208

in lie. I - pg. 186 in lie. I - pg. 184 in Ne. I - pg. 195

CO 2+ In Ar. I - pg. 198 in Ne. I - pg. 194 in 02. 1 - pg. 205
In He. I - pg. 188 H- in H2. I - pg. 200 in Xe. II - pg. 197
In N2. I- 204,: II (2) 203 In He. I - pg. 190 Kr+ in Ar. II - pg. 193

in Nu. II - pg. 193 H2+ In lie. I - pg. 186 in He. II - pg. 187

CO3  in Ar. I - pg. 199 H3+ In H2. I - pg. 200 in Kr. I - pg. 199, 11-195

in CO2. I - pg. 209 In He. I - pg. 187 Kr
+ 

in Kr. II - pg. 196, 197

In He. I - pp. 192 He
+ 

In He. I - pg. 184 Kr
+ 

in N2. II - pg. 202

In 02. 1 - pg. 206 H(
.2+ 

In He. II - pg. 189 Kr 2
+ 

In Kr. I - pg. 200

CO- In 02. I - pg. 207 He2
+ 

in He. I - pg. 186 Kr
2
+(A) in Kr. II - pg. 197

C20 2+ In CO. I - pg. 207 HeH
4 

in He. II - pg. 189 Kr
2
+(P,) in Kr. II - pg. 197

COH+ in Ar. I - pg. 198 Hg
+ 

in Ar. I - pg. 197 Li+ In Ar. I - pg. 196

in He. I - pg. 188 In He. I - pg. 185 in D2. I - pg. 202

Note: I refers to Ellis, et al., ADNDT 17, 177 (1976); II to Ellis,
et. a]., ADNIT 22, 179 (1978).
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]able E-2.3 (continued)

Mobilities (K) (continued)

LA
+ 

in H2. I - pg. 201 NH 4+ in He. I - pg. 189 Of in He. I - pg. 191
in He. I - pg. 183 in N2 . I - pg. 205 in 02. I - pg. 206

in N2. II - pg. 200 N2H+ in N2 . 1- 203, 11-202 04+ in 02. 1 - pg. 205
in Ne. I - pg. 194 NO+ in He. I - pg. 187 OH- in He. I - pg. 191

in 02. 11 - pg. 203 in NO. I - pg. 208 O21i
+ 

in He. I - pg. 188
N+ in N 2 . 1 - pg. 204 NO + H20 in He. I - pg. 189 02H2

+ 
in He. I - pg. 189

In He. I - pg. 184 N20+ in Ar. II - pg. 193 Rb
+ 

in Ar. I - pg. 197
N2

+ 
in He. I - pg. 186 in He. II - pg. 189 in CO 2. I - pg. 208
in N2. I - pg. 202 N20 in N2. II - pg. 202 in H2. II - pg. 200

N3
+ 

in N2. I - pg. 204 in Ne. II - pg. 191 in He. I - pg. 83
N4+ In N2. 1I - pg. 202 NO 2  in He. I - pg. 192 in Kr. II - pg. 195
Na

+ 
in Ar. I - pg. 196 N202

+ 
in NO. I - pg. 201 in N 2. II - pg. 200

in CO2. I - pg. 209 N2OH+ in Ar. I - pg. 199 in Ne. I - pg. 194
in D I - pg. 202 in He. I - pg. 189 in 02. II - pg. 203

in H2. I - pg. 201 0
+ 

in Ar. I - pg. 197 In Xe. II - pg. 198
in He. I - pg. 183 in He. I - pg. 185 SF5- in He. I - pg. 193
in Ne. I - pg. 194 0- in CO2. I - pg. 209 SF6- in He. I - pg. 193

Ne+ in He. II - pg. 187 in He. I - pg. 191 SO3- in lie. I - pg. 193
in Ne. I - pg. 195 in 02. I - pg. 206 S02F- in He. I - pg; 192

Ne+(
2
P ) in Ne. II - pg. 191 02

+ 
in Ar. I - pg. 198 e

+ 
in He, I - pg. 185

Ne+(
2
P31 2 ) in Ne. II - 191 In He. I - pg. 187 Xe

+ 
in He. II- pg. 187

Ne
2
+('D) in Ne. .II - pg. 192 in 02-I - pg. 205 Xe+(

2
P-) in Xe. II- pg. 199

Ne2+0 S) in Ne. IT - pg. 192 02- in He. I - pg. 190 Xe+(P 3/2 ) in Xe. II - pg. 199
Ne

2
+(3p) in Ne. I - pg. 192 in 02. I - pg. 206 Xe

2
+(A) in Xe. IT - pg. 199

Ne 2
+ 

in He. I - pg. 193 Of in Ar. I - pg. 199 Xe2+(B) in Xe. II - pg. 199

NH 3+ in He. I - pg. 188

Longitudinal Diffusion Coefficients (DL)

C- in Ar. II - pg. 208 Cs
+ 

in CO2 . II - pg. 215 D
+ 

in D2. II - pg. 211
in Kr. II - pg. 209 in H2. II pg. 211 D- in D2. II - pg. 212
in Ne. II - pg. 207 in He. II - pg. 206 03

+ 
in D2. II - pg. 212

in Xe. II - pg. 210 in Kr. II - pg. 209 F- in Kr. II - pg. 209
CO

+ 
in CO. II - pg. 214 in N2. II - pg. 212 in Xe. I - pg. 210

Ca
+ 

in Ar. II - pg. 208 in Ne. II - pg. 207 H
+ 

In H2. II - pg. 210
in CO. II - pg. 214 in 02. II - pg. 213 H in H2. 11 - pg. 211

in Xe. I - pg. 210
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Table E-2.3 (concluded)

Longitudinal Diffusion Coefficients (DL ) (continued)

++

H 3+ in H II - pg. 211 Li
+ 

in Ar. II - pg. 207 0 in 0 1' - pg. 213

K in Ar. II - pg. 208 in H2. II - pg. 210 0 + in 02. II - pg. 213
in CO. II - pg. 214 in He. 11 - pg. 206 02- in 02. I - pg. 214

in CO 2. 11 - pg. 215 in Ne. II - pg. 206 Rb
+ 

in A. II - pg. 208

in H 2 . II - pg. 211 N
+ 

in N I1 - pg. 212 in CO 2. 11 - pg. 215
+

in He. II - pg. 206 N2 in N 2 . II - pg. 213 in H 2 . 11 - pg. 211

in Kr. II - pg. 208 Na+ in Ar. II - pg. 208 in He. II - pg. 206

in N II - pg. 212 in CO 2. ii - pg. 215 in Kr. II - pg. 209

in Ne. II - pg. 207 in H2. II - pg. 210 in N2. LI - pg. 212

in NO. 11 - pg. 214 in He. II - pg. 206 in Ne. 11 - pg. 207

in 02. IT - pg. 213 in Ne. 11 - pg. 207 in 0 2 . II - pg. 213

in Xe. II - pg. 209 No+ in NO. II - pg. 214 in Xe. II - pg. 209

Transverse Diffusion Coefficients (DT

3+ in H 2 .  
11 - pg. 216 K+ in N 2 .  

II - pg. 216 N2
+  

in N
2
' IT - pg. 216

YH in H II - pg. 216 N in N2 . II - pg 216 0 2

+ 
in 0 2. IT - pg. 216

Update of References in Compilation II [ADNDT 22, 179 (1978)]

References for Table I

6. M. C. Thackston, F. L. Eisele, W. M. Pope, H. W. Ellis and E. W. McDaniel,

J. Chem. Phys. 73, 1477 (1980).

8. I. R. Catland, D. R. Lamm, M. G. Thackston, W. M. Pope, F. L. Eisele,

H. W. Ellis and E. W. McDaniel, J. Chem. Phys. 69, 4951 (1q78).

9. I. R. Gatland, et al., to be published.

14. R. Johnsen and M. A. Biondi, Phvs. Rev. A 20, 221 (1979).

26. M. C. Thackston, F. L. Eisele, W. M. Popc, H. W. Ellis, E. W. McDaniel and

I. R. Gatland, J. Chem. Phys. 70, 3996 (1979); 73, (1980).

References for Table 1I

3. F. L. Eisele, M. G. Thackston, W. M. Pope, H. W. Ellis and E.. W. McDaniel,

T. Chem. Phvs. 70, 5918 (1979).

18. W. M. Pope, F. L. Eisele, M. C. Thackston and E. W. McDaniel, J. Chem.

Phys. 69, 3874 (1978).

22. N. (;. Thackgton, F. L. Fisele, W. M. Pope, H. W. Ellis and E. W. McDaniel,

.J. Chem. Phvs. 73, 1477 (1980).

3156



F. TNTERACTWNS WITH STATIC ELECTRIC AND MAGNETIC FIELDS

(No new entrics here. See Vol. IT for data.)

C. PARTICLE PENETRATION IN CASES (TONS, NEUTRPLS, AND ELECTRONS)

(No new entries here. See Vols. II and V for data.)
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H. PARTICLE AND PHOTON INTERACTIONS 
WITH SOLIDS

CONTENTS page

H-1. Sputtering .. .......................
3159

H-.Secondary Electron Emission by Electron 
Impact.... .. ..

(No new entries here.)

H--3. Secondary Electron Emission by Ion Impact. 
....... 3195

H-4. Electron Reflection from Surfaces...... .. . .. .. .. ..

(No new entries here.)

H-5. Reflection of Ions from Surfaces. ............
3199

H-6. PhotoeW-ssion of Electrons from Surfaces. .. .......-

(No new entries here).
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I N'I l< Nol Ii ':I I I N

Spitter it, ie, Ld. I de f-inled as t Iii um I(,r tr t i r;, t .it(~i rut ved -( Pll

projectile atom ilnc-ident . It is measu~lred as ai 111n1( iol 4n1 ill( kblnt o eti

enLnrgv, and ais a func(,tionl o f p)roj ect ilIe i nn i d(inc in in lI ,o tin u rfa I
o timerw isc iud i et etd the viLe ds prenentelLd aire fI normliaI11' I inn, itne

Anj u Iar 1icependenlce Yield ilc rCa ses rpd W i thinera n iin to
angle (measured between projectile impact diirer Lion and tagtskrface( riorfail
For lieavy particles (mass -4 an) thel Vi'iti Y inc(rease's AS

Cos 0

where tis incidence angl e and Y (0) is the ''tel d at normal. incidience ( -0

State of the Sputt(-red__ Lcies. From a monatomic target the electedC
particles art- generally neutral atoms with small fractions of ions alnd
mul timers (10- to 10-1) of eachi spec i Cs maV be excited. WhIi Il the.re i
much information on charge and quantum st.ates- thiis is poo Iv d i gc t ('i 1 ond i 11 not
reproduced here.

Energy of Sputtered Species. For heavv pairt icIe ivipact where' L' eel( ion"

results from a Collision cascade tile yilid of sput tered pairt in 1en Y (V) a;
function of ejected particle energy E oft en follow.- tuec equa tion

Y (I.,) 1

Here EB is tile binding energy of the ejected atom whilii it was inl thn L.it ti,
and may be approximated by subli mat ion e~nergv found il ma,,ny stand) rd refeCr nonc

books.

Topograpil i cal Chanys. It is wel k inowcn that spiutter in-, of a sir face ca-nse
changes to topo)graphy resulting in such features as conies, ri pp ls aid faceted
pits. Cones are due sometimes to) impuritLy part ides hlavi ng a low spitter inl
coefficient which protects tile underlying., substrate. These various features are
also often associated with preferentijal etciiing of different crvst-allorapii
faces of polvcrvs,-tal line materials. Selective etching at grain b~oundaries and
defects is also known.

Sputterin ofA osadCmun. Tile data we present are for monlatonlic

(generally metallic) poivcrvstalline, ma' als . In the sputtering Of alloy%- Or

compounds one anticipates first a d(1 .L of tile component(s) exhibiting, the
highest sputtering yield leading -'d surface composition. Thus yield
measured by weighlt toss is a fume. r of p .,jectile dose. Also for compounids,
there may be a verv h ighl ield of molecules. Thus one cannot necessari lv etint
yield from an alley or compound by some- average of the yields measured for tinL
constituents in monatomic targets.

Effects of Ambient toshr.Ani ambient atmospherel- of react ivycpe n
(e.g. oxygen or hydrocarbons) produce,; substantial changes to the fluxes )I
sputtered ions and sputtered excited speries. However, such anl atinosphlLir d1oes-
not appear to substantially change the flu x Of sputtered atoms which prsnt

the bulk of ejected material . Thus the sputtering v in]ds, are not. greatl%
influenced by the ambient atmosphere. Non react ive gases do not appear to)
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Ii ii ct w I Ic ilkt I dli- t i bit il t 1 miii1(111) tuil Iot;It L

t c clFin,'V t FIns or t t 1 it t i .( wh ich n~I'i(os i t oins t roll) tit i ;i r I ;Ir t o ;oii re
StI 1' 1 i C (TIt ,I'lC V L o ' 'I Io t II i r I) I i In I I I tli i I ( d i Id thlt-rtmy Ios-cape.

i'. 2 idloIn 1 5'. 1 I It d to0 t opp hl' pow'er ,pir t iii c l-c I pro j c ct i IcL

i t t F '. ii(1 t ,I I' t I iI II in I ilc r \1 1] ru-- r oF oo i -enm r i in tirTli1i I a )1IIl

don vl\ i- to. rk' -- II t st; t 1 in I d. Nok)t oil Ix , ;ire t liex\ m, Ir,

III- r 1)Cc L , t , II- omlillI it ioil- t hit )a~i ,,k- i'(t '>0 k. t lwei sub j eCt(cf to expor imi taI I
nt I ' 1 - l ;i'S jiI I 1 1'10 1C L c'nx i tii i owi'iis - I I andi fl-f. '22

I-I I itf '''s n' .! h-r . !IlcII, 5)> i t l 1tit -'11 jo ''io- Oiin iOil v a sinaiI
vii on o t hcI v mx i 1 31) 1 1 ''Itt I I 1 .~ Ifi d. It i Furl t ho r L it nj jn K riphi aI - d

Lt i la r:i CO- II hIi c Itouiid inI t: t- r( v' i~ k- :; i-tl c I m.'. Is the II sem i-ernp ir Ii 1

,, tic 
1  

i I) (' i ol it i w f !'2llIl I iLi1 ~

t i , Y 'I iiitimr ir ~ I t i k w m %, - . t i , K,-i zuT:i~ t ai , S . Ni igw
i I i hid i n m. sh i c DepIcancn oi_ ptt. cri ng Yil'lcl oif Monatomic

d iitutu IP I 1 1'I ,hv Nimm-c'vi I i mv e smt Na ,,ovn lipmi . R-port No,
xl 1.I I qic 1i0)

to)t L , I1 i L, rt~ %iLcr r . Ni t c ocm Io Ent, Imrpx I , Ii 1 Ionl inKIL e
I I) t mAt iii t I- j' ii -i 11 lri-hiinL g, r ria n' t'np b 1)e rtport

C . imt , J I. R.thi, II R icci , Mt. I . WilI k cr , E c. ;ihnje i ,L. W . 711omris
*~~~ v L Iil 2:. 'tcr- i I- ha tii f or (,on t rc'I]I ed Fxus ion Resear cl' O 7a k Ridge Nat i oi;i I

w t. ;rt 'RL-521)7 , 1977. (Sec VolI um e 11I, Sect ion D).

B: i ,(I) S')oUt t cr i m, b tcuin Homh r dmen t. To he pubhIi i(,md as a
Ow in t Im ri, 'I. p is of Appliedc I'hxsics' bv Spm iiger-Verlac , Heide'lberg.

A.. r'm Z.VId ". B. Vrip lit. I.Nun]I. Mat . 89, 229 (1980). (A*\ hib11i iom'rolpimv
I it. on :I(.it ink - V and masis dlstrihbuit m on o)f spilt t: rec pia r t icles)
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Tabular Data Hi-1.13

Semi-Empirical Formulation for Sputtering

Yields )ue to Light Particle Impact

Symbols M I projectile mass (amu)

M2) target atom mass (amu)

E projectile energy (eV)

Eth threshold energy of the sputtering

process (eV)

I.B  surface binding energy of the target
atom (eV)

Yield Exprssion

- 3  5/3 E E 1/4 7/2
6.4 Eth 4 *- / 2 atoms/ion

4 N1 N2 \ L7~
where - (1)

(NI + N 2 ) 2

Threshold energy In eV
Eti - take from empirical values tabulated onthe left or see note 4 below

Limitations ret

Al 53 4 20.5

NI NI 0.1 / 2 0 4A. 184 1 9 60 4

L .20 Be 27.5 24 31

Fe j 61 40 1

Acc u racy o 164 86 4 19

Nt 1 4" 3 2 .5 20o

Represents empirical data to within 25Z.

Source --- .
T. 100

V. . 2 . . i 2.. .7... . . . .
J. Roth, Jl. Bohdansky, W. tlltenberger Ti 4 .

Data on ljjt onSptei, a-Planck L.. .. . .....
lns titut fUr P'lasmaphysik, Garchinp May v 16 ;2

1979 (Unpublished report). 7
W 400 17S }100

H. i. Bay, J. Roth, .1. Bohdansky. .1. Appl. zr
P'hys. 48, 4722 (1977). A--
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J. ohdanskv ,.1. Rot, . L. Bay (to he I)u h I ishIed)

N-ot os

I) M'ii le thtis fortaulat !in has bteen developed pr imaIri Iv to reprco;ent

-vieids I-r I ight ion impact it is a] so suiccessfl for sput t cr iln
o f N i b vI heav Y i ons w ithIIi n the c 1 Liitat i OnS S t;aIt Y ab1o0VeL

2) The formul at ion is part] cularix' aCCUrate clIose to thiresho Id1
3) At ewrg'i s in excess of the range staited uinder ''Iim i tat Iona"

heCp L'11irca] dlata scatters above the valuecs -ivenl iv tile
boron I ~at ion

4) Valutes of 1' t for Use in thtis formula shion I)(-b ta-k en f rom tI le

taIble givenl .ibovc; these are values obtaihned Ity fitting, to tit. data.
For ether caises one, could estimate E1 al"s L/(1-)ler gis the

indi ng enrV iitr can he equte kd to thec ,ubl iuttion eeg
(e.g. JANAF Thjermo-Chiemical Tables, ed. 1). l{.Sttii I, II. Prophiet , NSIMlS-

NIIS 37) , expressed in eV.
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Energy dependence of the sputtering, yield for Ar+ Kr+ and Xe+ impact on C.

The solid line is a best fit of Eq. 1 (section H-1.32) to the data. From

Ref. 12.
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Energy dependence of the sputtering yield for Ar , Kr and Xe impact
on Ti. The solid line is a best fit of Eq. 1 (Section H-1.32) to the
data. From Ref. 12.
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Energy dependence of the sputtering yield
for Itg~ impact on Cr. The solid line is

7 A Rf. 23a best fit of Eq. 1 (Section 11-i. to the
ARef . 23data. From Ref. 12.
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Energy dependence of the sputtering yield for Kr + , Xe , Cs+ and Hg + impact on Fe.
The solid line is a best fit of Eq. 1 (Section H-1.32) to the data. From Ref. 12.
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Graphical Data H-1.24

Energy dependence of the sputtering yield for Ne , Ar , Kr+ and Xe+ impact on
Cu. The solid line is the best fit of Eq. 1 (section H-1.32) to the data. From
Ref. 12.
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* Energy dependence of the sputtering yield for Ne ,Ar ,Kr and Xe imnpact on Mo.
The solid line is the best fit of Eq. 1 (Section H-1.32) to the data. From
Ref. 12.
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+ ++Energy dependence of the sputtering yield for Ne , Ar , Kr and Xe impact on Pd.
The solid line is the best fit of Eq. 1 (Section H-1.32) to the data. From
Ref. 12.
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Energy dependance of the sputtering yield for NJ , Ar ,Kr and Xe impact
on Ag. The solid line is the best fit of Eq. 1 (Section H-1.32) to the data. I

From Ref. 12.
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Energy dependence oi the sputtering yield for Ne+ , Ar+, Kr+ and Xe+ impact on W4.
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Tabular Data H-i.32

Semi-Empirical Formulati.on for Sputtering Yields

due to Heavy Particle Impact

Symbols

E = Projectile energy (eV)

th=  TDreshold energy for sputtering (found by fitting to the data)(eV).

T = Dimensionless factor found by fitting to the data.

S n= Reduced elastic stopping cross section, dimensionless.
n (Expressed in analytical form below).

F = Reduced energy, dimensionless.

C = A factor related to nuclear charge and mass of projectile and target;
given in tabular form (eV

- )

Yield Expression.

Y SnIl -Eh atoms/ion (1)E th

where S = 3.441 Vc log(c+2.718) (2)

n 1+6.355 7+ c(-1.708+6.882 T)

c= C E (3)
e

The factors P and E th are found by fitting the equations to the available

data; the factor C is computed. All three factors are tabulated on a subsequent
e

page.

Limitations.

Formulation has been tested for a variety of projectile target combinations
and exhibits no obvious limitations. For light ion impact (H+ , D+, He+) at low
energies (10 keV and below) the formulation of section H-1.13 fits the data better.

The formulation appears to be inadequate close to threshold (see note 3 below).

Accuracy.

Represents empirical data to better than ±25%.

Source.

N. Matsunami, Y. Yamanura, Y. Itikawa, N. Itoh, K. Kazumata, S. Miyagawa,
K. Morita, and N. Shimizu. "Energy Dependence of Sputtering Yields of
Monatomic Solids". Institute of Plasma Physics, Nagoya University, Nagoya,
Japan. Report No. IPPJ-AM-14. To be published in Radiation Effects Letters.

Notes.

(1) The fitted curve represented by Eq. 1 is shown in the Graphical Data

H-1.15 through H-1.31 by the solid line.
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(2) The formulation for Y is similar to that by Sigmund [Phys. Rev.
184, 383 (1969)and 187, 768 (1969)] Sigmund gives anaytical forms
of the constant P but does not include the threshold energy factor
(essentially Sigmund has Eth = 0).

(3) The values for threshold energy obtained from the fit of Eq. I to

the data differ from those given in H-1.13 for the cases where
comparison is possible; they also disagree badly with theoretical
values. The implication is that this equation is inadequate close
to threshold.
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Tabular Data H-1.32 (continued)

Empirical parameters for the sputtering equation of Matsunami
et al.

'.41

-I 0

C C P r thCe Eth CIt I99F4 0.7059 73.1 16

Be He 1.389E-3 0.9835 89.52 r" 1.999E ~4

Ne 9.382E-5 2.682 98.27 No 2.712F-5 6.471 62.70

Ar 2.715E-5 3.620 73.10 Ar 1.093E-5 9.284 41.79

Kr 5.988E-6 5.346 89.39 Kr 3.219E-6 19.10 66.76

Xe 2.360E-6 7.536 138.8 Xe 1.498E-6 30.33 91.17

Mg 6.727E-7 21.28 96.33

C D 2.239E-3 0.1092 31.88

He 9.196E-4 0.4505 167.4 ve He 1.814E-4 0.5800 67.71

Ar 2.184E-5 6.768 348.9 N 4.053E-5 5.994 407.7

Kr 5.010E-6 1.936 93.73 Ne 2.509E-5 4.504 35.85

Xe 2.007E-6 1.485 18.07 Ar 1.025E-5 9.133 52.56

Hg 8.189E-7 12.44 286.5 Kr 3.134E-6 17.23 81.77

Xe 1.440E-6 27.00 96.42

Al He 4.085E-4 0.9009 151.4 Cs 1.396E-6 37.56 348.9

Ne 4.489E-5 4.565 93.17 Hg 6.515E-7 29.28 164.7

Al 2.895E-5 4.748 39.44 Pb 6.162E-7 38.45 25.37

Ar 1.592E-5 6.936 71.18

Kr 4.177E-6 11.85 81.07 Co He 1.734E-4 0.5597 89.25

Xe 1.775E-6 15.34 86.28 Ne 2.430E-5 6.902 81.92

Hg 7.556E-7 23.74 133.6 Ar 1.002E-5 11.64 65.54

Co 5.260E-6 5.886 41.87

Si He 3.740E-4 0.4875 85.02 Kr 3.098E-6 15.47 86.61

Ne 4.183E-5 2.835 90.95 xe 1.433E-6 22.70 82.71

Ar 1.497E-5 3.987 64.20 Hg 6.515E-7 34.86 146.8

Kr 3.964E-6 6.912 92.71

Xe 1.692E-6 11.59 159.3 Ni H 3.573E-4 0.05155 82.13

Pb 6.810E-7 15.52 2.435 D 3.514E-4 0.1168 58.71

He 1.654E-4 0.5689 54.52

Ti He 2.221E-4 0.2605 56.38 0 3.139E-5 1.670 82.86

Ne 2.944E-5 2.725 61.79 Ne 2.322E-5 5.311 39.09

Ar 1.168E-5 3.933 57.15 Ar 9.577E-6 12.69 53.94

Kr 3.450E-6 6.948 86.89 Ni 4.832E-6 10.43 52.65

Xe 1.556E-6 10.37 118.6 Kr 2.964E-6 17.53 75.63

Hg 6.933E-7 13.84 106.2 Xe 1.371E-6 24.35 93.92

Hg 6.239E-7 36.43 115.4

V He 2.108E-4 0.2536 90.93

Ne 2.840E-5 3.415 79.57

Ar 1.139E-5 3.899 44.73

Kr 3.409E-6 8.466 79.38

Xe 1.548F-6 12.38 83.06

Hq 6.936E-7 19.18 160.2
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fabular Data H-1.32 (continued)

Empirical parameters for the sputtering equation of 
Matsunami

et al.

4J U ~JC
0) 0 0) 0

CO

C e P E H t

C th %10 H 2.119S-4 8.914E-3 327

Cu T) 3.366E-4 0.2694 406.3 D 2.098E-4 0.01602 131.5

He 1.589E-4 0.3420 49.10 He 1.006E-4 0.1457 99.28

N 3.629E-5 4.756 22.06 Ne 1.565E-5 3.848 59.02
Ne 2.269E-5 8 678 37.07Ne155- 3.4 590

Ar 6.980E-6 5.405 39.32

Ar 9.477E-6 16.01 33.93

C r 4.452F-6 .0 2 44.4Kr 2.396E-6 9.982 44.13

Kr 2.990E-6 32 644 46 Xe 1.179E-6 19.59 73.07

Kr 2.398-6 31.52 56.50 Cs 1.146E-6 31.21 253.7

Xe 1.391E-6 49.07 186.1 Hg 5.659E-7 19.81 135.0

Hs 6.375E-7 
Pb 5.374E-7 31.26 135.1

Hq 6.375E-7 63.21 122.1

Pb 6.035E-7 68.25 111.3 Ru Ne 1.490E-5 4.774 72.74

Ar 6.696F-6 10.55 58.70

Ge ffe 1.4 11E- 0.3502 79.96 Kr 2.323E-6 21.83 86.21

Ne 2.073E-5 5.178 67.53 Xe 1.152E-6 28.50 91.43

Ar 8.850E-6 8.296 29.12

r 2.862F-6 14.82 72.07 Rh He 9.221E-5 0.2683 90.57

20-54 3.73 Ne 1.454E-5 6.251 75.52

Ha 6.310E-7 24.89 110.8 Ar 6.549E-6 13.88 68.49

Zr He 1.069F- 0.1647 163.3 Kr 2.281E-6 24.30 76.39
Xe 1.133E-6 31.30 80.13

Li .788-5 0.6151 101.8ILi 1649-5 0.Hg 5.485E-7 41.58 96.42

ie l.648E-5 3.008 70.0

Ar 7 .294E-6 6.061 53. 12Fr 27. 47-6 66Pd He 8. 973E-5 0.6540 75.61

Kr 2.477E-6 6.196 60.16

Xe ].211r-6 1. c Ne 1.422-5 6.440 41.67

Ar 6.435E-6 13.96 41.77
Pa 5.777F-7 12-60 91.90

Kr 2.256E-6 28.52 49.03

Xe 1.126E-6 43.72 63.04

Nb D3 2.163F-4 0.02584 52.37

He 1.036-4 0.2386 191.0

Li 6.585E-5 0.8341 124.0
Me 1603-5 2.991 63.97 Ag H 1.831E-4 0.1271 268.3
Ne 1.603E-5 2.896 63.97

D 1.815E-4 0.2666 44.60
Ar 7.118E-6 7.456 75.26

Kr 2.427r-6 10.75 90.38 Ne 1.387E-5 13.09 45.34

Nqb 1.98A6 10.39 367.5 Ar 6.292E-6 24.67 23.39

Xe 1. 190-6 25.50 207.5 Kr 2.2121-6 60.33 84.88

Hg 5.690-7 25.41 105.9

Cs 1.156E-6 22.39 4.010 Ag 1.4438-6 89.25 89.07

Xe 1.106E-6 94.51 95.93

Hg 5.384E-7 140. 123.6
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Tabular Data H-1.32 (continued)

Empirical parameters for the sputtering equation of Matsunami
et al.

-4

Oc 
i 0

1  
C P . K P

r fie 4
.664L-5 0.0791'1 i 1

n Ar ).982E-6 10.44 51.82 N 8.06-6 4.Q3 64.22Sn I.249E-6 26.60 56.43 Ar 3.8 89E-6 12.39 57.87

NO 8.665E-6 3. 125 63.57 Kr I.5 18E-6 22.01 74.44Ar 4.172E-6 7.804 39.20 Xe 8.169C-7 42.31 92.65
Ar 1

7 E6 7. 04 39 20H g 4
. 2

68E-7 46. 20 3830Kr 1.608E-6 16.92 68.16
Xe 8. 578E-7 30.;7 118.3
Hg 4.44CE-7 30.57 118.3 Pt lie 4 .5 88E-5 0.2193 179.3

22.56 109.0 Ne 7.900E-6 5.177 56.34

Ar 3 .837E-6 14.84 54.99
Ta NO8 .527E-6 2.457 54.64 Kr 1.501E-6 32.93 83.10Ar 4 .112E-6 5.801 50.15 Xe 8.093E-7 50.28 92.13Kr 1,589E-6 17.35 81.60 H 4.36E-7 67.79 112,3

Xe 8.488E-7 22.93 86.49Hg 4.402E-7 
19.56 

99.34
Au H 9 .300E-5 0.05583 372.9K He 4.908E-5 0.05713 165.3 D 9.253E-5 0.1261 152.0

He 4.513F-5 0.4742 68.S8
e 8.395E-6 3.031 57.92 N 1.169F-5 4.327 30.89Ar 4.054F-6 7.493 65.92 N 7.780E-5 7.32 2.,.9Kr 1.571E-6 16.32 73,80 Ne 7.780E-6 7.83 26.05Xe8.08- 3. 5Ar 3. 78 3E-6 26.05 62. 12

95.61 
Kr 1.482E-6 76.97 97.73Cs 8.191E-7 30.21 51.47 X" 8.003E-7 126.0 105.2Hg 4.369E-7 16.31 92.18 AU 4.259-7 221.0 120.7
Hg 4.194.'-7 134.6 .2Re Ne 8.264E-6 3.864 77.96Ar 3

.996E-6 11.18 71.67 Th sc6 686F.-6 3.4 It,Kr 1.5 52E-6 24.96 85.87 Ar 3.3005-6 7.758 53.79Xe 8.319E-7 33.11 96.64 Kr 3.300E-6 2.21 53.22Hg 4.330F-7 32.46 105.6 Xr 7.225:- 20.34xo 7.292F;-7 24.394 -- .14
Os He 4.744F-5 0.1555 187.0 1 NO 6.517E-6 5.0R 70.4nNO 8.144F-6 3.839 60.74 Ar 3.223E-6 11.7• 6.84

Ar 3.946E-6 12.11 84.66 Kr 1.29-6 27.11.83Kr 1.537E-6 25.67 91.50 Xe 7.169F-7 27.44 32.3Xe 8.261-7 35.74 95.12.
J 7 9 1Hq 3.84 4!-7 1 ..
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INTRODUCTION

This section updates Section 11-3 of Technical Report H-78-1 "Compilation
of Data Relevant to Rare Gas and Rare Gas - Monohalide Excimer Lasers. Volume II"
(U.S. Army Missile Research and Development Command, Redstone Arsenal, Alabama,
December 1977). For low energy impact of light projectiles the earlier compilation
cited above remains quite adequate as there has been no significant additional data.
Wlat we show here is some additional data for projectile energies of 500eV and
greater. Data given are for normal incidence on polycrystalline targets. Some
excellent data on single crystal targets is given in reference 4 but not reproduced
here.
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(4) C. K. Carlston, G. D. Magnuson, P. Mahadevan and D. E. Harrison, Phys. Rev.
139, A729 (1965).

(5) R. A. Baragiola, E. V. Alonso, A. 0. Florio, Phys. Rev. B 19, 121 (1978).
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H-5. ION REFLECTION FROM SURFACES

CONTENTS

Introduction ............................... P 99

Tabular Data H-5.l. Reflection of light ions (H, D, He) .. ........ 3200

Graphical Data H-5.2 Reflection Coefficients (H, D, T9 He) .. ....... 3202

Graphical Data H-5.2. Reflection Coefficients of heavy ions...............3203

INTRODUCTION

This section presents data on coefficents for reflection of ions frOmT

surfaces as the ratio of particles reflected (ions plus atoms, integrated over

all exit angles and energies) to particles incident. This supplements coverage

of such processes given previously as section H-5 of Technical Report H-78-1,

"Compilation of Data Relevant to Rare Gas-Rare Gas and Rare Gas - Monohalide

Excimer Lasers Volume II" (U.S. Army, Missile Research and Development Command,

Redstone Arsenal, Alabama, December 1977). For light ion impact (H,D,11e) there

is excellent coverage due in large measure to the need for such data in the

Fusion Energy Program. We provide an extensive presentation of data and
indicate a reliable method for interpolating values for cases that have not

yet been considered (H-5.1). For heavier species we provide what little data

are in the literature (H-5.2). For heavy projectiles at low energies one night

make order to magnitude estimates by using some average of the data given by the

scaling procedure of H-5.1.

3199



T:iblar aita H-5.1 . Reflection of Light Ions (H,D,He).

A substantial quantity of experimental data is available which agrees
well with theoretical predictions. There is no evidence that the reflection
(oetficient for an incoming ion (e.g. H+) is any different from that for the

corrosponding atom (e.g. H).

It is, most convenient to plot the reflection coefficient RN (particl&s

refl, tod. integrated over all exit angles and energies : by particles incident)
io f, ; ., of the reduced energy r defined as follows:

2 a

1 4 M2 Z1Z2e2

lindhard has clhsen foe ' the I'honas-Fermi screening l.ength i.F  I

2/3 2/3 -1/2aT = (l.'mhS5 (71 3 5 7 )
aTF (Z Z2

Z and Z, are the charges and M and M2 are the masses of the ion and the targetatoms. -i s t he clectron charge.

With e' 14.39 ('V 1 one gets

'32.55 2/3 Z2/3 1/2E(keV) = c E(keV) (1)
M+ M2 Z 7( 2 /3 + Z? 2/ )1/

In the following figure we show theoretical model calculations of PN plotted
N

as a function of reduced energy t, for a variety of projectile-target combinations.
We choose to present theory rather than experiment because it covers a greater

energv range particularly down to low energies. Experiment is in good agreement
ith theorv as is shown in the primary references given below.

1,i ")Lain R, for a projectile-target combination given on the graph the
fac*,'r should 'be identified from the table, the reduced energy of interest
should be computed and the relevant RM read from the graph. For a projectile-
target combination not on the graph te factor c L should be calculated from the

formulae given above, the reduced energy of interest £ evaluated and data points
read from the graph for a target of nuclear charge closest to that of interest. For
compounds one may estimate RN by evaluating the reflection coefficients for each
constituent atnmic species and take a sum weighted according to the atomic
Comsi,,iqit ion of the target compound or alloy.

Ihis scaling procedure should provide adequate estimates of % to within a
fact r -f two, except for low Z targets (e.g. C) where the error will be larger.
The !ot.aio+ aiiod by this procedlure will be appropriate to normal incidence on a

po]. r -it,!Iin. t'irv ,t.

Re, en-v. (i) Fho, ,!raph is taken from: W. Eckstein and "I. Verbeek "Data on
ligli Ion Reflction", Report IPI' 9/32 (Max Planck Institut fur

Plasma Physik, i-rching, West ';ermany', August 1979. This report

contains extensive theoretical and experimental dato gathered

frnm various published and unpublished sources.

The theoretical simulation is by the MARLOWE code described most

fully in : M. T. Pobinson and 1. M. Torrens, Phys. Rev. B9, 5008

(1974). See also S. Oen, and M. T. Robinson, Mucl. Instr. and

Methods 132, 647 (1976).
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Target atom L

Element Z M2  H D T 
3
He He

2 _,

C 6 12.0 2.414 2.242 2.092 0.9814 0.9200

Al 13 26.98 0.9449 0.9123 0.8819 0.4223 0.4087

Si 14 28.09 0.8604 0.8318 0.8050 0.3862 0.3742

Ti 22 47.90 0.4871 0.4774 0.4680 0.2266 0.2222

Fe 26 55.85 0.3934 0.3866 0.3800 0.1845 0.1814

Ni 28 58.69 0.3575 0.3516 0.3459 0.1682 0.1655

Cu 29 63.54 0.3420 0.3368 0.3317 0.1614 0.1590

Nb 41 92.91 0.2188 0.2165 o.2142 0.1047 0.1037

Mo 42 95.95 0.2121 0.2099 0.2078 0.1016 0.1006

Ag 47 107.87 0.1832 0.1816 0.1799 0.08814 0.08735

Ta 73 180.95 0.1032 0.1026 0.1021 0.05024 0.04997

W 74 183.92 0.1014 0.1008 0.1003 0.04937 0.04911

Au 79 197.0 0.09305 0.09258 0.09212 0.04538 0.04315

Table showing computed factors for H,D, 3He and 4He impact on
a variety of targets.
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Giaphical Data 1-5.2. Reflection coefficients for heavy particle scattering from

surfaces.

a) K and Na impact on Ag and Au shown as a function of reduced energy

(defined by Eq. 1 ot preamble to Graphical Data H-5.1). J. Bottiger
et. al., Radiation Effects, 11, 133 (1971).

b) Impact of 60 keV Na, K (written Ka), Br, Rb and Cs on Ak, Cu, Ag and Au
shown for each projectile as a function of target to projectile mass

ratio (M2 /Ml). J. Bottinger et. al., Nucl. Instr. Meth. 170, 499 (1980).
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I. SECONDARY ELECTRON SPECTRA
CONTENTS 

Pg

I - 1. Energy Spectra of Secondary Electrons
from Electron Impact Ionization .. .. ....... ..... 3205

1 - 2. Energy Spectra of Secondary Electrons
from Proton Impact Ionization. .. ..... ....... .3207

1 - 3. Energy Spectra of Secondary Electrons
from Heavy Particle Impact Ionization....... ..... 3214

(data presented in this chapter either extend or supersede the
data given previously in Chapter I of Volume V, pages 2241-2374.)
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I - 1. ENERGY SPECTRA OF SECONDARY ELECTRONS
FROM ELECTRON 

IMPACT IONIZATION 

PaqP
Secondary Electron Energy Spectra for

Electron Impact Ionization of CO2.  . . . . . . . . . . . . . . . . . 3206

3205



Tabular Data 1-2.1

Single Differential Cross Section (Secondary

Electron Spectra) for e- + CO Collisions

18 2
(Units of 10- 1 cm /eV)

Secondary
Electron Primary Electron Enprqy (eV)
Energy
(eV) 50 100 200 A09

1 16.08 22.38 15 r6 12.66

2 25.47 27.62 1Q.29 1?.50

3 23.37 26.62 20.12 14.41

4 16.57 1q.94 17.52 11.43

5 14.6) 17.53 h.1d 1n.51

6 13.51 14.90 12.q0 9.32

8 12.79 12.85 10. 64 7. 70

10 12.50 10.12 8.76 F.30

12 11.26 8.55 7.3q 5.A7

15 9.61 8.18 5.71 4.5?

20 6.18 11.46 3.26

25 4.18 3.22 2.38

30 3.14 2.57 1.76

35 2.97 1.77 1.32

40 2.65 1.32 1.04

50 0.81 0.687

65 0.54 r 0.401

8n 0.'19 0.277

100 0.18q

120 0.137

140 0.131

160 0.12q

180 0.123

Accuracy: The quoted uncertainty in these data is 17"

Reference: These data were taken from T.W. Shyn dnd W.F. Sharn, Phys. Rev. A
20, 233? ( q79).
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I - 2. ENERGY SPECTRA OF SECONDARY ELECTRONS
FROM PROTON IMPACT IONIZATION

Paqe

1-2.1
Secondary Electron Energy Spectra for
Proton Impact Ionization of Ar...... ..... . . ... .. .. .. .. .
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Tabular Data 1-2.1

Single Differential Cross Section (Secondary

Electron Spectra) for H+ + Ar Collisions

(Units of cm 2/eV)

ENERG, 5 keV ENERGY 10 keV 20 keV ENERG 50 keV(EV) (EV) (EV)
1. 6.44-17 . 4 .4-1 2.44.1' 1 3.24-17
2. .72-1. 2. 1.10-17 2.30-1? 2: 2.91-1 7
3. a.44-IM 3, I.39-17 2.29-i? 3. 2.5.1 7
4. 7.27-19 4. 1.26-17 2.06.1? 4. 2.22 -17
, 6.25-1. 5, 1.16-1? 1.69-17 S. 2.09- ?

6. 5.57-1M 6. 1.0-I? 1.70?1 6. 1.60.17
7. 5.6?-A 7. 9.92-10 1.60-1 . 1.66-i?
6. 4.43-to 6. 6.40.16 1.40-17 6. 1.57-1?
. '85- 1 9. 7.66161 1.36.17 9. 1.44.17

10. 4.46.- 1O. 7.36-I 1.27-I7 10. 1.32-17

4.2-19 12. 6.13-10 1.15-17 12. 1.19-17

12 32'-' 14. S.29-:19 9.26-1i 14. 9.96i 6: .4- 16. 4,J.61-1 6j.09-19 1.6. 9.0?.' f
1 3.-1

4  
1 4 6.12-A1 16. ?.96-:

1~3.6:10 i6. 269-IA 20. 6.0-1
:S 4 47 "1P 20. 2.06-IA 5.13-10A 0. 6.80-1 A

:6 4.36-19 22. 1.64-11 4.43-S 20. 9.32-19
:1 ?.5-io M24. 1.31-19 3.: 531 30. 

4
.24.iP

18 ,14 1 g26. 1.03-Ip 'A.1 -1R 2,72:33 10

4,9 6,59-19 26. 8.35-19 2,7702 40. 2 P
7
2-1O

71 0.46-19 30. 6.70-19 2.42-10 06. 1.79-iA

3.94-19 32. 5.41-19 2.06-2? 6.58-192, . 2 . 98 - 9 34 . 4 .3 3-1 9 . 6 - 1 9 1 6. 2 .5 -19
0. r 2.10-i 36. 3.46-19 1.98-16 125. 6.25-27

e 1:5 9 0 .o 1 3 -f 179. 1:12-1"Mn
31 1 G:-19 .0 . 2.23-19 1.2.8-1R 7 .l9J 

-

52 5.9 ;,4 . 1.32:19 6.22:t: 200. 1. 0S5-=€1
14 6,30-?2n ;O, 8, 2r O*1n.3- 1 2 J. 3. 8- "1

6 3.780- r 59 5. 06.N 4.06-

Note: "Energy (eV)" refers to secondary electron energy
and the keV energies, atop the data columns, refer
to the incident H+ energies.

Accuracy: The estimated uncertainty in these data is 20%
except near threshold (<10 eV) where it may be
higher.

Reference: These data were taken from M. E. Rudd, L. H. Toburen,
and N. Stolterfoht, Atomic Data and Nuclear Data
Tables 23, 405 (1979).
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Tabular Data 1-2.1 (continued)

Single fifferential Cross Section (Secondary

Electron Snectra) for H+ + Ar Collisions

(Units of cm2 /eV)

,LECIWF Proton Energy (keV)

"" 5 7 10 15 20 30 50 70
1.i ,. 1 7 2.48-17 2. 3 

"
I'
1  

2. 36-17 2.87-l1 2. 77-17 Z.-1' 2.67-17

2.0 27-17 2. 19-17 2. 80-17 2.49-17 3. - 1-7 2.86-17 ... 7- 1 2,72-17

3.0 1.62-17 1.90-17 2.1W-17 2. 38-17 i. H(-17 2.4b-17 2. - -11 2.51-17

5. q. q5-19 1.27-17 1.51-17 1.88-17 2. j3-17 2.24-17 2.('7- 17 2.07-17

7 . 6. 19>1 b H.94- 18 1. 17-17 1.54-17 1. H- 17 2.01-17 1. .- 1' 1.64-I7

1 .C I.4'- 13 t. -18 s 8.51-t8 1. 17-17 1.t-l I 1. 75-17 1.h -17 1.58-17

10.C 3.00-18 4..20-18 5. 3s-18 7..3-18 9.71-16 1.2b- 17 l. I- 1 1. 14-17

20.0 1.7-1" 3.13-:8 2.:3-18 7.7 -18 S..4-14 7.60-1 H.82- 1" 8. 34-18

LO.C 1.50-1 9 . 36-19 7.6u-19 .56- A .36-I4 J. 75-18 5. 18-1 5.28-18

50.0 5. 05-20 2.69-20 8.93-20 2.66-19 5.07- I, I. 1-18 1. e7- lb 2.25-18

75.0 1.21-20 6.9-21 1.18-20 1.57 21 8.r-o-10 2.07-19 t.61-14 9.03-19

10G.C 2.01-21 2.01-21 U. 32-21 8.75-21 1.61-20 7.05-20 2. 47-1 4 8.05-19

130.0 2..2-21 Q.57-22 1.33-21 2.9-21 2. 98-21 t.32-20 7. 11 1.62-19

160.0 1.55-21 9. 34-23 8.60-22 1.03-21 4.q3-22 3. 38-21 2.07-20 6.56-23

200.0 1. 55-22 6.75-22 2.01-23 8.11-22 5.5t-22 2. 11-21 7. ' -21 2. 85-23

25C.0 .51-23 1.89-22 1. 30-22 1. 11-13 3. 0J-22 8.29-22 J. 16-21

300.C 4.07-24 5.99-23 7. 40-21 8. 16-22

Note: "Energy (eV)" refers to secondary electron energy.

Accuracy: The estimated uncertainty in these data is 20%
except near threshold (<10 eV) where it may be
higher.

Reference: These data were taken from M. E. Rudd, L. H. Toburen,
and N. Stolterfoht, Atomic Data and Nuclear Data
Tables 23, 405 (1979).
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Tabular Data 1-2.1 (continued)

Sinqle Differential Cross Section (Secondary

Electron Snectra) for H+ + Ar Collisions
2

(Units of cm /eV)

Proton Energy (keV)

50 100 150 200 250 300 ,
. 6.lI- 17 . 117 1. 71-17 1..- 17 1.10-17 .9
..:.)- 17 2.13-17 1 .C-1? 1.0- ?- 1.15: 17- 

.
1.5 2. )9-11 2. 1.-11 1. 87-11 1.1'5-l2" 1, j,- 11 I. l017 -. •

3 "-

8.0 1.90/-I l J-1 1.58- 1" 1.*--17 I. 32 - I? 1.I 0- 1"8.0)

I.%-17 .;-17 13..l lo -f1 1. - 12I-17 J,.

I 3.0 Z -19: 117 1.,17 77 1.1 b I 7 07-l1 1.0

I. 19€-I 1.9-I7 1.0*-17 7. 35-l 9 ,'J- l 5 1 -16 I,.0

1.0 1, b 1 .5,- 7 .99l 1 .I-ll. 1 .I. 1- 1 I 'Ilb
9..69I*C--19 9 *9 1/ 1... - 1.,),- 17 .8I- 1.qj-I 11.0

. lo-. 1 1 7 1. lS "1 9. 79" 1 . 1 7.67- 1 1 o
, 1.0 1.-11 9.61- 1$ @.im- lb 7. L10 5.67 -l: 1 J .0

J5 -D C.33lk9 S 17- l.9b- I.lJ-l9 j, o.C- 1 •

I•C.O ), 0 .5- 1 5.2 -1 •..!- is 3. 1a7-l L. .0*oIs IOL.0

lJ.,0 7.9- l .75- Is .1-1 1 .8 1-t ,.51-1 1. g-lI. 0
aO. $.O- IC l. 1 .66- 1 i I9-l". 1. 1 . liJ 1. 59* 1i IL... 0

7., -21 7.26- 1O 1.41-16 1.07 "-19 1.9 - l% 19 t .
, s -1 9. 2- 11 d.SO 19 7. 1 - l 5.60- 19 -- 0 .

I0.C 2.,2- ,0 2. IC- J. l5..
o 
11 5..6-i1 19 ,.0.0

. .0 1.6- 1.'3 1 7 -" 71 - I1 1.6
o 
1 . 5'- l . *- 1 .0

5,0.O .92 6. 08-22-.a7-: 1.79-01,3*: .* 9.91.2, 7.9-,0 1 5S#O ,.3v

13"'o .,J J. 19;- 1 .b -r . - , 5 .J I O

bO. , -2C9-03 35.9l-2 8.6*/-u 3 .99*# 1'.3-21 3. 0C-2 1 *-O: "00

9500 1 .51 -2 1]J .85-03 970-a. l.7* *-.i • 9 ", . )- . J.79-21l 90.0

709*.1 8 .78-2*• 1.1li-23 *.C5-2J 1., 1-;, 3.,00-2 9 , .p7-n 7 ,0.0

00,0.0 3.930 9I) 4 .i J 0 1.00-3 *. ? J.; I.C¢9- , o ,.ig*, .2 '.'.0. 3. 19-0* 6..0 7-0. I.31-23 3. 5.-J 3 .09-0 1. 9, 1, 0.

900.0 2.9~ 1.,370 0-2 i.9:C ;10 ~ 1.9-1 d 3,.;
1000.0 7.:2 0.3-2 C.1-0 7.~ 1'*-2 9.7-03 13.

Note: "Energy (eV) I' refers to secondary electron energy.

Accuracy: The estimated uncertainty in these data is 20<
except near threshold (<10 eV) where it may be
higher.

Reference: These data were taken from M. E. Rudd, L. H. Toburen,
and N. Stolterfoht, Atomic Data and Nuclear Data
Tables 23, 405 (197).
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Tabular Data 1-2.1 (continued)

Finqle Differential Cross Section (Secondary

Electron Spectra) for H+ + Ar Collisions

(Units of cm /eV)

0.25 0.3 0.5 1.0
E ,R, Mev ENERGY MeV ENER GY MeV 680'G MP'V

E9 (IV ) 'Ev)
l . 1 1 36- . .07-17 1. 6.81-D
2 2. .43-17 2. 1 2.-17 2. 6.76-18

6 6. 1.26-17 6. 9.23-16 6. 9.25-1 A
8 S. 1.12-17 g. 8 21-18 8. 4.82-1A

1 10. 1 .0017 10. 734"l0 1. --
15 4 '' 12. 0.62-18 is. 5 .01-18 1 . 2. -:
20 14. 6.96-18 20. 2,81-18 20. 1.40-IA

30 2 - 18, 5. '3-18 25. 1.'4-8 29. 8.13l9

40 . 18, 4.69-18 30. 1 22-16 90. 2.84-1.

60 -20. J.89-18 40. 7.96-19 100. 1.n4-i*
29. ?.93-78 90. 9.86-09 129. 7.44°7f
so. 9.59-19 79. 3.19-19 10. 6.17:2o

0 4 79. 5. 26-19 100. 2.03-19 179. 6.92-P
9 o . 100. 3.30-19 190. 1.10-19 200. 1.49-19

100 3 '6- 190. 1.73-19 200. 1.73-19 290. 2. 15-?n

025 2 ,00. 1. 79-19 290. 3.76-20 300. 1.92-2p
190 2' 1 290. 5 55-20 300. 2 .56-20 400, 0.90.-,

300. 3. 20400. 1.30-20 500. 5.75-;,
2 6- 390. 3.56-20 500. 8.02-21 750. 2. 40-Pt

300 3 '7-: 4 00. 1.83-20 750. 3.00-21 1000. 1. 32-71
2 .- 1500. 8 7-21 1000. 8.88-2 1250. 8 23-2,

600. 3.19-21 1200. 1.89-22 1500. 9.46-2'
490 9 700. 1 12-21 1400. 2.03-23 0790. 3.82.7
500. 5 .- ?1 800. 2.25-22 1600. 8.35-24 2000. 2.68p,

600 1 -2.. 900. 4 11-23 1800. 2.'5 -24 2500. ?.fl8-2
700 . 96-2 ' 1000, 2 42-24 2000. 2 20-26 3000. 1. 6-74

a900. 3 6'-:. 3500 . 2.68-7s900 3 8 , -:4

Not,: "Energy (eV)" refers to secondary electron energy

and the MeV energies, atop the data columns, refer
to the incident H+ energies.

Accuracy: The estimated uncertainty in these data is 20%
except near threshold (-10 eV) where it may be
higher.

Reference: These data were taken from M. E. Rudd, L. H. Toburen,
and N. Stolterfoht, Atomic Data and Nuclear Data
Tables 23, 405 (1979).
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Tabular Data 1-2.1 (continued)

Single Differential Cross Section (Secondary

Electron Spectra) for H+ + Ar Collisions

(Units of cm 2/eV)

1.5 2.0 3.0 3.67 4.2
E.E, MeV ENE" MeV EN,, MeV MeV MeV

1 5 04-1S IS. 1.29-so 19. 1.51-A iS 8'-'9 03-'9
2. .1016 20. 9.61-i, 20. 0. -1e 5 5I- 9 4 gd.,94 4.08-1 30 3.92-1g 30. 2.60-,1 2 23-og 9 42-196 4 4'-1S 40. 2.61*9 40. 2 06-,q 1.56-i 9  1.03-19

8 92o 0. 2,09-19. 90. 1.57.19 1.23-19 7.9I2

10. 3 $5"18 75. 1.15-i, ?g. SI 92-7 '.00-?,' 4.6;,-;,'09. 2 rf"10 lOC. '.3-~;r 10. 9. 70-27 4 52-?, 2 9-0.7

20. .04-1i 125. S 30-, 129. 4.20.2n 3 2?-2,' 2 29-2
25.89 41 150 d.5; so .34 2 6-' 247-7n30 '3-19 17i. 5.44.;'s 075. 4 %5-n; 3 , 2 .37-7

40. 3. -1 9 200. 2.16-10 200. 9.25;, 
9

.76-;n '96-20
S0. 2.10-19 250. 15-2, 250. 1.23,:,' 9 00-7i ' 15-;.
75. 1.25-09 300. i . .r 300 . 6.12-2 6.16; S. 14-.

100. 1 ? 0 . :.2. 400 4 93-7 S-? 2.9n.,
125. 5.80-20 Soo. 37.o -7 500. 3 ?a 2.23.;. 1.96 -2 ,

200. 3. 32-19 600. 2.-., 800. 2.22-1 1.26-?', 1.372-
20. 1.68-20 . 1. 3.16.9 950. I 27.;, 7 77-, '.90o2'
500. 6.47-?1 00. 2 43. , . . 3.; .04-; 4.94.

790. 1 .3-20 900. 1.32-;. 1290 4 17., 3. 0,-; - d4.2 ,000 1.01 21 1000 . a - 1500. 317. 2.29.P7 2. 09"'

1250. 6 3622 1250 . 5 40-,, 2000 . 1..2 18-2' 1.14-27
1500. 4.59-2 2500. 3. 3 2500. .1- 7.25.72 7.S7-21
?50. 3 22-22 200 2 3000. 814.-; 5.42.2 5.21-21

2000. 2.43-22 2500. , .52.2; 3500. 5.21-,; 3.92 2 13 3.00,2
2500, 15 -22 3000. 0.9-1 4000. 3.06-23 2.05-2. 2.45-7.

3000. '.3 2-23 3500. 5.71-;2 4S0o. 1.50-,3 1.95-23 2 24-23
3500. 1.29 -23 40 00 2.2 :1 50.O. 2.63-24 . 67-:23

4500. 4.60-74 ssO. 2.09-24 9.06-7

N,,tp: "Energy (eV)" refers to secondary electron energy
and the MeV energies, atop the data columns, refer
to the incicent H+ energies.

Accuracy: The estimated uncertainty in these data is 20%
except near threshold (<10 eV) where it may be
higher.

Reference: These data were taken from M. E. Rudd, L. H. Toburen,
and N. Stolterfoht, Atomic Data and Nuclear Data
Tables 23, 405 (1979).
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Tabular Data 1-2.1 (concluded)

Sinqle Differential Cross Section (Secondary

Electron Snectra) for H+ + Ar Collisions

(Units of cm ?/eV)

Proton Energy (MeV)

0.3 0.4 0.5 4.2 5.0

1.17 2.44-17 a.1.-l S.15-at
.. 0 9.41-17 .1..0-I 1.9-IS
1.11 

2
.41-il 1.27-1 $.22-IS

iI1 a*4l-l 41}-|i 4,11-11

2.11 2.04-I tll 4.4-S 41J-II

2..1 31.0-11 4.7-IS 4.4-IS
2.92 1.51-Il 1.19-IS 4,1i-ii

1.41 1.70-|? I o.7-IS 4,1-.11

It l~i l 1.40-10 S.o
9
-0 2.2-1 4.20-19

1,41 1.41-is 1.40-17 V.91-19 1.49*6 2.5IS
4.11 1.10-Il 1.10-17 i.12.17 1.61-IS |,41-|1

7,21 1.19-li i.,I.-i1 9,24-1i 1.iS-.I 2.91-li

6.$1 1.06.1s '.11.7 7.14::9 9,99-| 2,ii-l
.0.0 .109 1,90-I1

11,7 4.14-IS 7,?¥.)i 1.91-IS 2,|1.1l 1.51-IS

14.8 1,01-IS 4.0641. 4,42-IS I.20-11 9.7S-1
15.1 1.51-IS 1.1-Il S ,2-IS 5.46-1 7,02-19
,321 9 4.2-IS 2.25-IS 4.lo-, 0 4.11-19

20.1 ..24-.I 1.91-i. 1.17-1 1.4-19 2., 19
291 1.50-)S I,1-i9 1.21"-1 2.4 -1 2,21-19
24.1 1,4 91I 1.4-I 9.91-19 1161-1 . ?-19
19.l 1,|4"I1 9,1.- . .4 .10 1,40-19
44.4 9,06-19 7,77-19 4.47-1 .12-'9 1,01-19

II,| 1.62-I0 4.74-11 1.66-l9 7.1-20 1.49-20
72,l 4,11-9 *1.11-IS 9.4"-1 1.07-20 1.24-20
300. 2,44-19 2,29-19 1.7O1 1.4I*20 2.41-40

I1I. |.11-Ia 1.9 1.4...20 a3I-40JiI. 1.70-19 |.41*19 I.14o|9 2.40-20 2.08.20
116. 1.44"|9 1. 11.l9 9.26-20 4.21-20 3.09.20

|IS. 1.411 l.12-:9 9.27-20 2.90-20 2.64-29

211. 7.0i-20 4.41-2. 4.1-20 .41240 2.94-22
241, 4.61-"0 4,16-41 1.14"20 1.17-21 4,.9621

21. .Ol-lu 1.16-41 .4-"2 4,92*41 I.1l-21

241. 2.4-2) .14 314:20 j.2 a.40-22

I195. ..41120 ,1-46.4 I o,10 22 2.08.2

444 . 1.12 .11-20 6.$1-21 1.$J-21 1.46-21

I . .4II 1.4414*82 1.0l121 I.16-2

1141. 1.0-, .7412292 2442 2.40-22

I464. 1.41-2 .2-2
'64 6. 

1.1 *1- 1

164.2.-1

Note: "Energy (eV)" refers to secondary electron energy.

Accuracy: The estimated uncertainty in these data is 20%
except near threshold (10 eV) where it may be
higher.

Reference: These data were taken from M. E. Rudd, L. H. Toburen,
and N. Stolterfoht, Atomic Data and Nuclear Data
Tables 23, 405 (1979).
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I - 3. ENERGY SPECTRA OF SECONDARY ELECTRONS
FROM HEAVY - PARTICLE IMPACT IONIZATION
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Tabular Data 1-3.1

Sinqle n)ifferential Cross Section (Secnndary

Electron Spectral) for H + He Collisions

(Units of m?/eV)

Electron 15 20 30 50 70 100 150

energy keV keV keV keV keV keV keV

1.5 1.19-21 8.15-22 8.00-22 6.97-22 7.27-22 6.24-22 5.07-22

2.0 1.06-21 7.83-22 6.69-22 5.88-22 5.64-22 5.40-22 4.16-22

3.0 1.16-21 8.29-22 6.35-22 5.55-22 4.09-22 3.68-22 3.47-22

5.0 1.06-21 8.63-22 6.87-22 4.76-22 3.56-22 2.72-22 2.11-22

7.5 8.08-22 8.05-22 7.48-22 4.97-22 3.34-22 2.36-22 1.44-22

10.0 5.52-22 6.58-22 6.89-22 4.84-22 3.17-22 2.10-22 1.25-22

15.0 2.45-22 3.44-22 5.53-22 4.75-22 3.23-22 1.97-22 1.01-22

20.0 1.27-22 1.91-22 3.19-22 4.41-22 3.44-22 1.98-22 9.34-23

30.0 4.63-23 7.46-23 1.31-22 2.83-22 3.15-22 2.09-22 9.23-23

50.0 7.46-24 1.42-23 2.93-23 7.63-23 1.31-22 1.90-22 9.65-23

75.0 1.13-24 2.57-24 6.02-24 2.14-23 3.97-23 7.10-23 1.01-22

100.0 1.90-25 4.78-25 1.69-24 6.48-24 1.47-23 2.77-23 4.65-23

130.0 7.62-26 4.31-25 1.62-24 5.27-24 1.10-23 1.72-23

160.0 5.30-25 1.84-24 4.70-24 7.23-24

200.0 4.51-25 1.58-24 2.78-24

250.0 7.77-26 4.45-25 1.17-Z4

300.0 1.93-26 1.26-25 4.21-25

IJ

Accuracy: The quoted overall uncertainty is 417% above
30 keV increasing to -25% at 15 keV with
additional uncertainties for the lower electron
energies (<10 eV).

Reference: The data were taken from M. E. Rudd, J. S. Risley,
J. Fryar, and R. C. Rolfes, Phys. Rev. A 21, 506
(1980).
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Graphical Data 1-3.2

0 1

-22-

03

0 5

-23

757

15 2 5 0 10015

Ep5 keV

Single differential cross section (secondary electron
spectrum) for HO + He collisions. These data were
taken from M. E. Rudd, J. S. Risley, J. Fryar, and
R. G. Rolfes, Phys. Rev. A 21, 506 (1980).

3216



Comments and References

In addition to the data presented in this section, there is also
recent data on the energy and angular distribution of secondary elec-
trons (double differential cross sections) in several cases, but no
integraton over the angle to obtain single differential cross sections
was reported. The systems studied are:

o+n (n = 4 - 8) + 02; N. Stolterfoht, D. Schneider, D. Buren, H. Weiman,
and J. S. Risley, Phys. Rev. Lett. 33, 59 (1974).

He+ + Ar; M. Sataka, K. Okuno, J. Urakwa, and N. Oda, in XI International
Conference on the Physics of Electronics and Atomic Collisions, Abstracts
of Paprs (The Society for Atomic Collision Research, Japan, 1979), pp. 620-
621.

He+ + He2, He; N. Oda and F. Nishimura, in XI International Conference
on the Physics of Electronics and Atomic Collisions, Abstracts of Papers
The-S-ciety for Atomc C-ollision Research, Japan, 1979), pp. 622-623.

He + He; J. Friar, M. E. Rudd, and J. S. Risley, in X International
Conference on the Physics of Electronic and Atomic Collisions, Abstracts
6f Papers (Commissariat A L'Energie Atomique, Paris, 1977), p. 984; and
M. E. Rudd, J. S. Risley, and J. Fryar, ibid., p. 986.

He, He+ + He; Ne; Ar; L. H. Toburen and W. E. Wilson, in X International
Conference on the Physics of Electronic and Atomic Collisions, Abstracts of
Papers (Commissariat A L'Energie Atomique, Paris, 1977), p. 1006.

+
C + He, Ne, Ar, CH4 ; L. H. Toburen, in XI International Conference on
the Physics of Electronic and Atomic Collisions, Abstracts of Papers
(The Society for Atomic Collisions Research, Japan, 1979), pp. 630-631.

C n (n = 1 - 3) + Ar; L. H. Toburen, in Proceedings of the Fifth Conference
on the Use of Small Accelerators, IEEE Transactions on Nuclear Science
NS - 26 (1979) 1056.

+ N+

0 , + Ar; N. Stolterfoht and D. Schneider, in Proceedings of the Fifth
Conference on the Use of Small Accelerators, IEEE Transactions on Nuclear
Science NS-26 (1979) 1130.

Kr+n + Kr; Yu. S. Gordeev, P. H. Woerlee, H. de Waard, and F. W. Saris,
in XI International Conference on the Physics of Electronic and Atomic
Collisions, Abstracts of Papers (The Society for Atomic Collision Research,
Japan, 1979), pp. 746-747.
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+

Li + He; A. Yagishita, H. Oomoto, K. Wakaya, H. Suzuki, and F. Koike,
J. Phys. B 11, Llll (1968).

Li + + Ne; P. Bisgaard, J. Ostgaard Olsen, and N. Andersen, J. Phys. B 13,
1403 (1980).

Ne+ n (n = - 4) + He. Ne, Ar, Kr; P. H. Woerlee, T. M. El Sherbini,
F. J. de Heer, and F. W. Saris, J. Phys. B 12, L235 (1979).

J. NUCLEAR DATA

(No new entries here. See Vol. V for data.)
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